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Preface 


Advances  in  aircraft  system  technology,  the  greater  speed  ami  manoeuvrability  of  combat  aircraft,  i lie  increased 
complexity  ami  sophistication  of  the  projected  combat  environment,  together  with  an  increased  amount  of  information 
presented  to  the  pilot,  has  led  to  new  demands  on  him.  These  factors  arc  added  to  the  classical  environmental  changes  which 
fighter  pilots  already  had  to  face  in  the  past,  In  order  to  respond  appropriately, a  high  level  of  siluational  awareness  has  to  he 
maintained. 

Aviators'  situational  awareness  in  this  context  is  a  cognitive  state  that  is  a  combination  of  two  items,  namely: 

tactical  awareness,  that  means  an  awareness  of  the  constantly  changing  threat  environment,  and 

—  spatial  orientation,  meaning  an  awareness  of  the  constantly  changing  aircraft  orientation  nml  position  in  space. 

In  order  to  review  the  developments  and  research  activities  which  arc  related  to  situational  awareness  in  the  NATO 
countries,  the  AOARD  Aerospace  Mi'dieal  Panel  has  initialed  this  SuupoMuin.  Many  topics  were  considered.  I'liesc  included: 

Definition  of  conditions  which  may  lead  to  loss  of  pilot  situational  awareness; 

Methods  to  assess  situational  awareness,  both  in  the  laboratory  and  In  flight; 

—  1'iesetmtthm  of  inldmiutlon  in  the  cockpit; 

—  Perception  of  information,  aircrew  performance  and  training  methods. 

Some  of  the  data  and  conclusions  presented  al  this  Symposium  are  of  a  preliminary  nature  and  indicate  that  further 
research  is  needed,  furthermore  there  is  evidence  that  human  factors  are  still  not  considered  sufficiently  during  the  design  stage 
of  advanced  fighter  aircraft  cockpits.  It  is  hoped  that  the  information  provided  in  this  volume  will  be  introduced  into  future 
nitvraft  technology  and  flight  procedures  and  thus  satisfy  the  needs  of  the  NATO  count  Hex. 


I.cs  prog  res  realises  dans  les  technologies  des  systemes  nvhmiijucs,  la  vilessc  ct  la  maniahiliie  accrues  ties  aeroncl's  dc 
comhat,  la  eomplexile  el  la  sophistication  loujoiirs  croissantes  dc  I'envimnnement  de  combat  des  scenarios  de  guerre,  et  le 
volume  nccru  d ‘informations  presvnte  mi  pilule  ne  font  qu'nloimlir  sa  charge  de  travail,  lin  outre,  tous  ees  elements  soul  n 
ajuutei  mix  modifications  classU|Uesde  renvirnimement  dc  liicronef  que  les  pilules  tleehus.se  out  dejit  affix  mice*  thins  le  pns.se, 

Dans  ees  conditions,  Icpilnle  doit  miiinieiiir  sii  perception  tie  la  situation  aim  lies  haul  niveau  sil  vein  loin  nit  tine  lepousc 
uppropriee. 

Vue  sous  eet  angle,  la  perception  de  la  situation  par  I'aviateiir  esl  un  cliil  eognitil  compose  dc  tleux  elements,  it  savoii: 

la  sensibilite  taelit|Ue,  t  est  a  diie  la  perception  tie  reiiviroimeiiieiu  de  la  menace,  i|ui  est  en  constante  evolution, 
rorienimittn  spatiale,  c'e.xt  a  dire  la  perception  de  I  orientation  el  de  In  position  tie  l  act  one  I  dans  I'espaee  h  tout 
moment, 

l.e  ftimel  de  Medecinc  Aerospatiale  tie  lACiAHDa  organise  ee  Symposium  pourlaire  le  point  des (level  opponents  et  des 
aetiviks  tie  reeherehe  relitlifs  ii  In  perception  de  la  situation  ipii  sont  en  coins  dans  les  pays  nicmhres  de  roTAN.  I ><• 
nomhreuses  tju  esl  ions  out  etc  Indices  lorx  du  Symposium,  parmi  lcsi|uellc.*:  on  distingue; 

la  definition  des  conditions  i|iii  risi|uent  tie  eoiuluire  h  line  degradation  tie  hi  perception  tie  la  situation  voire  mcmc  ii 
In  perte  de  eonnnissnnee, 

les  mcthoilcs  d'cvaluation  de  la  perception  tie  la  situation,  (ant  en  lubimUoire  ijuVn  vol, 
la  pieseiiliition  des  informations  au  pilote. 

la  perception  ties  informations,  les  performances  ties  equipages  et  les  methmles  treninilnemenl, 

('ermines  affirmations  ou  conclusions  presentees  lorx  du  Symposium  sentient  de  nature  prelimiiiuirc.  appelant  ninsi  ties 
travaux  tic  recherche  plus  approfondis  et  ceei  d'mitant  plus  que  hi  preuve  existc  que  les  faeteurs  luimains  lie  sont  pas 
sullisannnent  pris  en  consideration  lors  tie  la  phase  dVtudes  ties  postes  tie  pilotage  ties  avion*  tie  combat  de  technologic 
uvaucee. 

II  est  ii  esperer  que  les  iurormalion.s  cimtenues  tlans  ee  volume  seronl  ineoijtoives  thins  les  futures  technologies 
aeronaut iqucx.  ainsi  que  dims  les  procedures  de  vol,  al'in  de  repondre  aux  besoms  des  pays  menihies  de  l'(  >TAN. 
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Mr.  Chairman,  diotlnquiahed  collegium,  Indian  rind  gentlemen. 

On  behalf'  nT  (.lie  Chief  of  Defence  il  lo  my  privilege  to  welcome  nil  of  you  tu  Co|)tmhm]ni»  to  thin 
AG  A  110/AMP  nympnn  him  on  SI  TUATinNAL  AWARENESS  IN  ACROSPACr  (1PE RAT  KING. 

It  in-  however,  much  more  Ihmi  n  privilege  to  welcome  youi  It  in  a  vary  perwonnl  plnnmirn  1 1 »  him*  no 
muny  good  rn l leagued  nnd  frimuJn  in  my  own  city  -  end  to  hove  imperially  thin  topic  cin  the  uqnndit. 

Prnhnhly  due  to  my  ruthor  heavy  background  In  the  clinical  purl  of  medic i no  It  hna  nlwnyu  bnnh  obvloim 
to  mo  t  tint  nn  AEROSPACE  MEDIC  I  NT  PROGRAM  nhmjlri  promote  nnd  mriintriin  phynlcnl  nnd  mnntnl  devn  Inpment, 
health,  nnd  nurvivuj  (which  tn  the  definition  cm  ENVIRONMENTAL  HTAt  III  mndo  by  WHO). 

in  nlher  wordot  AEROSPACE  MT  DIET  NT  nlimild  primarily  be  concerned  with  our  rllnntu'  ntnt.n  of  complete 
phynlcnl,  menial  nnd  oocinl  wnll-bolnq  -  nnd  not  merely  the  prrenneo  or  nbnnnm  of  cllnivine  or 
In ft rmnry. 

So,  talking  nhout  pilot  n ,  APROSPACr  MEDIC  1 NF  ban!  cully  conrcrnn  itnnlr  with  the  elTncta  til  the 
nuronpnen  environment  nn  pilot  performance.  tin*  int.Hrnrl  ion  ho tween  Hit?  pilot  nnd  htn  wink  onv  i  rnnmnnl 
hnn  tn  Po  ntudind.  The  human  fnctoni,  human  pnnnibi  1  IMmi,  rapnbl  1  It  Ion ,  nnd  1  inn  I  at  innn  on  one  uldol 
the  mill  oil,  tuchnlcui  and  physical,  nn  the  other.  Ihin  jy  nine  called  the  MAN/MAdHNt  INK  HI  AIT, 

fti.in  ponoiblc  controvnrny  hegan  already  -  more  than  10  yonm  ago  -  to  ornate  anxiety  nrul  worry  due  to  n 
pnnnihln  lack  of  biilniirc  between  '..tie  human  cHpnbi  l  itloa  and  tin*  demnndn  to  thin  per fn nuance  while 
working  in  the  cockpit  In  the  future  high  per  formaline  fight  ora,  Would  the  pilot  he  the  limit  I  r  it)  furl  nr? 
Would  we  hnvi?  to  look  for  nnmo  nupor-crratiirra  ol  I  ho  an  loot  Innn? 

fvorybody  known  that  our  high  per  formation  flghicru  arc  ntlll  flown  by  mon.  Hut  il  In  nlno  known  I  tint 
the  development  hnn  Impound  a  t  remnodoim  workload  on  thene  pilule.  Doth  phynlcnl  nnd  priychuloijlral .  And 
the  noroopaee  medical  field  hnn  had  to  rlenl  with  thin  dovelnpmeiil  ,  thin  new  challenge  to  our 
prornaninn . 

Thin  e.g,  can  tin  noon,  If  you  rend  thn  topten  dlnruimcd  ill  the  Ac  ItilSPACI  MIDIfAl  PANI'l  Mi  i  1 1NG!i  of 
AGARD  during  thnai*  laid  ifl  yc.irat  A  devnln|minnt  of  the  inniiMa  of  inlenint  from  more  I  rad  II  I  non  I  top  tea 
In  highly  complex  arena  with  t.oni  r  Unit  ton  of  nothrmi  nnd  iiml  ilut  ionu  from  thn  nun-mod  ini  I ,  highly 
technological  world  around  aviation. 

In  thn  pilot  the  limiting  factor  In  high  performance  lighter  upend  Iona?  In  hi;  ton  limiting  today7  la 
tlie  math  1  nn  ton  1‘tunplrx  for  a  human  to  rope  with7 

The  former  Director  of  AGARI),  Dr  Irving  Stellar,  prenonloil  lent  year  a  briefing  lo  Ihc  Military 
Committal*  of  NATH  rut  t.htn  topic,  tin  the  modern  air  (Miinhet  pulling  enorinmm  aim  on  on  the  pilot  *  n 
ability  to  aboui'b  and  mnnnqe  information  from  multiple  omirroat  radar,  electronic  warfare  ayntoma,  the 
.In  ilil  Tnrtlcel  Information  Dial  rihut  Ion  Gyutuin  mid  an  on,  Ilia  concern  we  a  nnd  In  foi  Ihc  working 
nnv  l  ronmmil  of  the  modern  military  pilot  nnrl  for  thn  ability  of  thin  mnn/iuarhlno  ayntnin  to  perform  It  a 
aim  Ignat!  mianlon.  In  particular  for  the  European  nennn  of  ntr  cprrntiunn  which  in  character  I  ned  nn  n 
highly  oophinUnnlmj  throat  environmnnt,  montly  in  bad  inntooro logical  cnmltt.torm,  nnd  ever  all  klnda  of 
obnlndoa.  The  pilot  mu  at  fly  low  end  Tmil  tn  uurvlvo,  oxponlnq  htmnolf  to  hlgt»  G-forrnn  lmpoiitul  film 
with  a  vary  high  rate  of  onnnt,  lie  in  nlmont  exclusively  occupied  with  the  tnnku  of  flight  path  cunt  rot 
or  of  monitor  I  nq  the  performance  oT  a  term  Info]  lowing  eyulem.  Novert  lie  Iona,  the  pilot  imm  t  at  til 
iminitnr  night  data,  aircraft,  ny  a  tonus  fun  I  mnnagemnnl  mid  navigal.  ion;  tin.  utatuo  of  threntn  nnd  the 
tactical  nit  uni  ion,  He  muni  nlno  perform  taoku  including  mnnngeinnnt  of  electronic*  count  nt-moimorce, 
wenponn,  common  1 rut Iona,  nnd  target -tdenl  i firnt Ion  nnd  dontgnntton  oyatemn. 

During  n  brief  period  ot  time,  a  1 1  of  thnan  fund  Iona  muni  hu  nnrriml  out  aimu  1 1  nttmiunly .  Hot,  nonui  of 
them  require  the  pilot  to  view  the  nut n  1  cin  arena  while  nttiorn  require  hln  atlontton  lo  the  cnrkpll 
difiplayn, 

The  role  of  thn  flight  nurqeon  in  future  flernopnro  medicine  in  nn  complex  no  future  fighter  nviut  Ion. 
The  r)  lento  of  tlm-  flight  mirgnnn  will  bn  apeninllHtn  In  a  very  technological  and  uophi  at  irotrd 
environment,  impcmii.g  a  lot  nT  mental  and  phyolcal  ntrono  -  while  airbnrn  or  on  ground.  The  pilot  a  will 
be  confronted  with  tannin  of  technolugiat  a ,  engineer  a,  and  phyoirlnno,  who  together  will  try  to  credo 
the  moat,  effective  mnn/iriiich Inn  Interaction!  a  weapon  platform. 
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The  vrry  rapid  rvnlutimi  In  nvinlinn  through  I  hr  1  nnt  1(1  ypiirn  him  moved  t  tin  iirrtmpnrr  inrdirinr  from 
matter  it  dealing  with  t  radii  ionnl  medical  work  to  ti  complex  where  our  rlienl  Ihr  pilot  rnnily  inn  hr* 
n  virt  i  m  nT  Ihr  nnvl  ronmiMit  nl  threat  and  ntrnnn.  Ho  will  hr  u  part  of  thr  imin/rtinrh  inr  program,  n 
control  Irr  of  o  weapon  plnMumi  riricl  no  mirli  rnnf'rnulrtl  will)  Irnino  of  plmiucin,  (limiijiirro ,  i»rn|irn»r*rn  t 
lltc. 

Aerospace  modical  rooonrrh  endeavors  lo  invontiqntn  the  vary  llmlln  of  humnn  tolnrnnei?  In  thr 
environment  created  by  ndvancod  anroaparn  engineer inq.  Th«  fnrnriKmt  aim  of  thin  medical  inscairh  in  In 
enhance  per  for  nance  and  annum  the  anfaty  of  the  rrnwn  expound  t.n  I  he  nnv i r unman to  Hint  axe  net!  humnn 
tolerance, 

But  hr  long  ««  Ihn  pilot,  in  n  human,  the  flight  nurgnon  will  also  bti  rnupnnnlblr  for  liln  health  -  whlrh 
na  mentioned  meana  hlu  af.at.o  of  phynlc.nl,  mental,  mid  nodal  wall -lining.  Thn  viint  development  In 
technology  has  not  changed  the  princlplca  of  the  WHO  doclnrut  ion.  Artonpmr  Med  it*  Inn  will  protect  Ihr* 
pilot  against  being  noL  nnly  thn  limiting  factor  of  the  wenpnn  platform  -  hut  even  the  laonnr  in  thin 
gams. 

An  written  in  the  thumn  for  thin  mooting,  "Aviator  oltuotional  own r moan  In  n  comb  hint  Ion  of  lari  teal 
nwnrenuau  and  spatial  oriental  Ion.  tn  order  to  retipnnd  nppropi  lotely ,  rnmlinl  rivtnlerii  muni  imilnlnln  n 
high  level  of  situational  awnrenene. 

Innovative  banlc  and  applied  reanarch  bring  rnrrlnd  nut  on  thin  topic  in  giving  new  innlghl  which  will 
result  in  Improved  information  presentation  and  thus  make  optimal  unn  of  human  Informal  ion  prncniiiilhci 
end  doe Ih ion-making  capabilities". 

It  in  morn  important  than  over  that  the  flight  aurgenmi  role  in  thin  munnrch  In  Implemented  In  Ihn 
entire  system  through  all  ponaible  rhnnrmln  In  order  lo  secure  the  biological  Intermit  of  thn  humnn  in 
this  technological  world, 

1  wish  the  Aerospace  Medical  Panel  of  AfiAfll)  good  luck  wll.li  thin  challenge  and  -  rertninly  -  you  nil  n 
very  good  week  in  Copenhagen. 


Si  l  l  IATIONAI.  AWARENESS  IN  AKR<  >SPA<  K  ( DERATIONS 
ONl.V  A  Pll-ors  (llAllENdK? 
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$1nc«  man  realized  that  birds  could  fly,  he  has  wanted  to  do  so  himself.  It  took  us 
thousands  of  years  to  get  there,  and  ever  since  we  learned  the  basics  -  and  understood 
the  basics  behind  the  beslcs  -  the  development  In  aerospace  operations  has  been  overwhelm¬ 
ing.  Normally  we  want  evolution  -  In  order  to  be  able  to  master  development.  Within  the 
field  of  aerospace  we  have  been  forced  to  accept  revolution  (n  order  to  cope  with  the 
progress  In  aviation  at  large.  It  took  less  than  75  years  to  go  from  the  first  flight  of 
man  and  onto  the  first  human  step  on  the  surface  of  the  moon. 

This  development  Is  really  astonishing  and  to  be  honest  -  also  slightly  frightening. 

Can  we  keep  up  the  pact  and  hopefully  keep  the  human  being  on  top  and  thereby  ahead  of 
the  developments  In  aerospace  activities,  not  least  In  aerospace  medicine?  The  keynote 
address  to  this  symposium  will  center  on  the  way  ahead,  The  esperts  have  learned  a  lot 
from  history.  W#  have  to  preserve  ill  this  knowledge  and  transform  It  beyond  our  present 
state  of  the  art  to  make  sure,  that  the  aerospace  establishment.  Including  all  the  players 
from  scientists  to  amateur  pilots,  will  be  able  to  cope  with  the  situation  -  no  matter  If 
It  Is  a  question  of  safe  passenger  transportation  or  efficient  military  air  operations  In 
order  to  maintain  peace  end  democracy. 

Aerospace  operations  have  now  evolved  so  far  that  people  who  fear  flying,  must  fly 
anyway.  If  they  want  to  be  full  members  of  modern  society.  Aerospace  operations  are  part 
of  dally  life  and  almost  any  kind  of  military  operation.  Aerospace  operetlons  are  vital 
for  environmental,  scientific  and  space  ekploration  purposts,  and  they  constitute  a  sub¬ 
stantial  amount  of  public  and  private  spending. 

Looking  ahead  -  and  looking  at  the  AGARD  overall  objectives  -  the  subject  of  this  sym¬ 
posium  seems  to  be  entrcmtly  relevant. 

"SITUATIONAL  AWARENESS  IN  AEROSPACE  OPERATIONS"  touches  on  probably  the  single  most 
Important  Issue  of  ell  -  common  to  us  all,  regardless  of  education,  rank  and  occupation. 

If  the  players  Involved  In  aerospace  operations  are  not  aware  of  their  own  and  their  fel¬ 
low  oporators1  situation  -  disaster  Is  just  around  the  corner. 

For  a  great  many  years  a  subitantlal  amount  of  effort  wes  concentrated  around  making 
objects  fly.  Thereafter  It  became  quite  clear,  that  It  took  a  great  deal  of  skill  and 
talent  to  fly  these  objects. 

As  flying  developed  Into  what  we  know  today,  we  alio  learned  that  there  Is  no  easy  way 
to  safe  and  efficient  aerospace  operations.  The  accident  records  are  enormous.  The  chal¬ 
lenge  of  leaving  'terra  flrma"  In  the  early  days  soBms  to  heve  had  Its  own  law  of  gravity. 
Nobody  -  or  more  correctly  few  -  accepted  that  It  took  more  than  talent  (and  a  pood  portion 
of  luck)  to  operate  In  the  aerospace  environment. 

However,  since  the  beginning  of  flight,  mankind  has  slowly  learned  to  adjust  to  the 
enormous  chellengas  of  operating  airplanes  and  spacecraft,  The  responsible  organizations 
have  put  a  considerable  effort  Into  training  talented  pilots  to  become  officiant  commanders 
of  reliable  aircraft,  be  they  civilian  or  military. 

It  Is  Interesting  to  note  the  evolution  In  pilot  selection  procedures.  During  the  last 
twenty  years  the  leading  nations  within  this  field  have  been  able  to  Improve  the  prodecures 
to  almost  perfection.  In  the  Royal  Danish  Air  Force  the  failure  rate  of  pilots  that  have 
passed  the  Initial  selection  process  Is  close  to  5X,  which  Is  e« traord 1 na ry  considering  the 
problems  Involved,  However,  we  must  all  realize  that  the  real  challenge  lies  ahead,  when 
the  training  <vstom  has  to  turn  tha  remaining  g5%  of  the  student  pilots  Into  safe  end  effi¬ 
cient  operators. 

ABILITY  (TALENT) 

The  Initial  selection  process  might  be  characterized  as  the  measurement  of  basic  know¬ 
ledge  and  ability  -  or  talent  -  to  go  through  the  whole  process  of  pilot  training  with  a 
high  probability  of  success,  Including  long  term  efficiency  and  survival  rate,  We  rate 
not  only  the  handling  skills,  but  also  daeptr  emotional  and  personality  characteristic* 

In  ordei  to  assure  a  Ugh  degree  of  success,  both  for  the  organization  and  for  the  Indi¬ 
vidual.  A  good  evample  of  Just  one  very  Important  factor,  that  has  been  become  Increas¬ 
ingly  Important,  Is  the  ability  to  reject  applicants  with  no  or  little  sense  of  fear.  In 
the  early  days  this  kind  of  person  was  estimated  to  be  the  best  type  of  candidate  for  pilot 
training.  Now  wt  know  that  a  fearless  pilot  la  a  menace  to  his  own  and  everybody  rises' 
safety. 

TRA1NIN0 


It  Is  probably  unnecessary  to  spend  much  time  on  the  Importance  of  training.  In  our  day 
and  age  It  Is  generally  accepted,  that  It  takes  a  lot  of  effort,  and  concentrated  training 
to  become  efficient  In  aerospace  operations.  The  basics  to  build  on  Is  a  certain  amount 
of  knowltdga  and  ability  -  or  talent  -  as  described  above.  However  the  training  system  has 
become  a  very  sophletlcated  one,  capable  of  eeploltlng  end  developing  the  talent  within  a 
rather  ihort  ipen  of  time,  so  that  the  combination  of  talent  and  training  evolves  Into  the 
basic  skill  of  flying, 
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PHYSICAL  ENV1R0NHEN T J  MAN/MACHINE/HAN ) 

The  baste  f  Y  v  i  :>g  skill  will  not  bring  anybody  -  anywhere  -  anytime  -  unless  It  Is  put 
to  use  in  a  proper  man/machine  Interface,  which  provides  the  operator  with  the  physical 
environment  'ruessary  for  on  time  -  day  or  night  -  delivery  of  passengers,  weapons  or  maybe 
spacecraft  ur  satellites.  What  Is  the  perfect  man/machlno  Interface?  Haven't  we  developed 
the  machines  to  perfection?  Maybe  so. 

Ilut  have  we  been  able  to  develop  ourselves  to  cope  with  the  almost  perfect  machines? 
These  are  extremely  Important  factors  In  our  dealing  with  aerospace  operations  approaching 
year  2000.  A  keynote  address  Is  too  short  to  give  a  lot  of  answers,  but  long  enough  to 
raise  a  few  questl ons . 

How  are  we  going  to  preserve  and  maintain  the  basic  flying  skills  in  our  new  generation 
of  pilots  flying  airline  end  air  force  “electric  jets"?  How  wilt  those  pilots  perform  In 
an  emergency  If  they  have  to  fly  the  good  old  manual  way  (no  autopilot  etc.)?  How  are  the 
crews  going  to  perform  when  all  the  old  airline  captains  have  retired,  with  new  young  cap¬ 
tains  having  non-experlenced  co-pilots  with  a  grand  total  of  approximately  300  flying 
hours?  How  will  the  air  force  pilots  be  able  to  keep  on  going  In  the  9-G  environment? 
do  the  scientists  and  engineers  really  understand  the  needs  and  limitations  of  the  opera¬ 
tors?  These  questions  are  great  challenges  to  pilots,  but  probably  even  greater  to  a  lot 
of  other  people  Involved  In  aerospase  operations. 

For  future  work  In  this  field  It  will  be  necessary  to  emphealie  the  man/machine  Inter¬ 
face  more  as  a  man/machl ne/man  Interface,  thereby  Indicating  that  there  Is  e  third  party  In 
the  relationship,  namely  all  the  people  not  directly  Involved  In  operating  the  machinery. 
The  human  beings  Involved  must  be  able  to  work  together  and  "understand"  what  Is  going  - 
and  what  Is  not  going  -  on. 


PSYCHOLOGICAL  ENVIRONMENT  (MAN/MAN/MAN) 

We  are  able  to  recruit  sufficient  people  that  possess  the  required  amount  of  ability. 

We  have  developed  training  systems  and  created  physical  environments  almost  to  perfection, 
but  all  these  efforts  will  be  to  no  avail,  unless  the  Individuals  Involved  are  working  In 
a  proper  psychological  environment. 

We  can  measure,  test  and  evaluate  talent,  skills  and  man/machl ne/man  Interfaces  to  a 
very  large  extent,  which  gives  us  s  good  background  for  Improvement!  and  refining  of  hard¬ 
ware  and  procedures.  However,  It  must  be  rea’lked  that  by  far  the  most  complex  and  unpre¬ 
dictable  factor  In  the  equation  that  leads  to  efficient  and  safe  aerospace  operations  Is 
missing,  namely  the  human  being.  The  strongest  computer  of  all  -  the  fragile  human  mind, 
which  Is  utterly  strong  In  the  right  type  of  psychological  environment,  and  corresponding¬ 
ly  weak  when  emotions,  lack  of  concentration,  complacency  -  a  multitude  of  factors  -  may 
suddenly  dograde  performance  to  a  critical  level. 

This  Is  the  real  Issue  facing  the  symposium.  This  Is  tho  key  factor  -  around  which 
a  major  part  of  all  thinking  In  this  very  Important  panel  of  the  AGARO  should  concentrate. 
How  do  wo  create  a  psychological  environment  that  leads  to  a  fruitful  exploitation  of  all 
our  knowledge  and  advances  in  the  field  of  human  ability,  training  systems  ond  man/mnch I ne/ 
man  Interfaces?  I  postulate  that  the  overall  answer  to  this  question  Is  the  very  subject 
of  this  symposium) 

SITUATIONAL  AWARENESS 
IN 

AEROSPACE  OPERATIONS 

The  subject  Is  fundamental  In  all  our  endeavours  to  reach  the  common  goal  of  safe  and 
efficient  operations. 

Therefore,  -  as  the  keynote  author  -  1  find,  that  the  subject  of  the  symposium  Is  a 
really  brilliant  one.  I  find  that  this  title  could  be  the  basic  general  title  for  all 

meetings  and  symposia  In  the  AGARD  panel  of  aerospace  medicine.  Even  if  wo  all  are  aware 

of  our  own  situation,  we  might  not  possess  what  Is  really  Incorporated  Into  the  expression 
"situational  awareness".  The  span  and  scope  of  this  expression  Is  a  delicate  and  Intriguing 

Intriguing  one.  It  contains  so  much  that  It  Is  hard  to  come  to  grips  with  It.  In  the 
Danish  language  we  lack  a  proper  translation,  As  with  quite  a  few  other  expressions  re¬ 
lated  to  the  sclencos  of  aerospace,  the  English  expression  Is  by  far  the  best. 

What  does  It  take  to  be  able  to  be  In  control  of  tho  situation?  It  takes  "a  person" 

with  a  good  deal  of  knowledge,  abMIty  and  training  In  order  to  use  tho  machinery  -  In  the 
physical  environment  provided  -  which  will  only  be  possible  If  the  human  being  performs  In 
a  proper  psychological  environment,  as  has  already  been  touched  on  before. 

Figure  I,  Illustrates  the  total  capacity  of  e  "situational  awareness  system"  related 
to  one  single  person  as  Indicated  by  the  solid  squone,  The  Interrelationship  between  the 
main  areas  discussed  earlier  Is  demonstrated  by  the  arrows  leading  from  ability  through  to 
psychological  environment. 


It  should  be  noted  that  while  J  direct  'elation  exists  between  ability,  training  and 
physical  environment,  there  Is  no  direct  link  between  these  throe  areas  and  the  psycholo 
gleal  environment.  This  phenomenon  Is  Illustrated  In  fig.  2,  which  shows  that  within  a 
given  total  capacity,  It  Is  possible  to  compensate  lack  of  training  with  a  greater  than 
normal  Inherent  ability  (or  vice  versa). 


The  same  relationship  Is  apparent  between  training  and  physical  envl runment  as  shown 
In  fig.  3,  which  Indicates  that  a  less  than  optimum  physical  environment  can  be  compen¬ 
sated  hy  extra  training  (or  vice  versa). 
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As  mentioned  earlier  the  psychological  environment  Is  not  directly  linked  to  either 
ability  or  physical  environment  -  In  other  words  a  less  than  optimum  psychological  envi¬ 
ronment  cannot  necessarily  be  compensated  by  above  average  ability  or  a  perfect  man/ma- 
chlne/man  Interface.  However,  It  must  be  realized  that  a  break-down  In  the  psychological 
environment  might  Indirectly  lead  to  an  Instantaneous  disability  (break-down  or  destruc¬ 
tion  of  talent  and/or  skill),  possibly  causing  disastrous  chains  of  events  -  ultimately 
fatal  accidents.  On  the  contrary  a  perion  (n  an  optimum  psychological  environment  -  a 
person  In  possession  of  situational  awareness  -  will  In  many  circumstances  be  able  to  com¬ 
pensate  for  flaws  or  break-downs  In  the  other  three  areas. 

It  goes  without  saying  that  a  lot  of  effort  must  be  put  Into  the  "situational  aware¬ 
ness"  part  of  our  understanding  of  our  own  situation  and  that  of  our  fellow  operators,  be 
It  directly  related  to  aerospace  operations  or  equally  Important  the  research,  planning 
end  production  In  support  of  such  operations. 

It  follows  from  the  earlier  discussion,  that  while  It  Is  possible  to  compensate  for 
weaknesses  or  strengths  In  ability,  training  and  physical  environment,  the  psychological 
environment  Is  much  more  of  a  stand-alone  area.  With  tho  f  volution  In  aerospace  In  mind, 
we  must  realize  that  It  Is  utterly  Important  to  stay  on  t  uncernlng  situational  aware¬ 
ness.  This  (s  the  only  way  to  maintain  control.  He  must  .ve  to  Improve  the  situational 
awareness  field  by  "expanding  the  single  person  total  cop*'  .y", 

This  expansion  Is  Illustrated  by  fig.  4. 


It  Is  my  opinion,  that  the  expansion  as  Illustrated,  should  not  be  regarded  as  an  In¬ 
dication  of  add-ons  but  rather  as  an  expression  of  better  exploitation  of  already  Inherent 
capabilities,  thereby  Improving  the  overall  situational  awareness. 

What  should  we  be  looking  for  when  developing  the  ability  to  attain  and  maintain  situ¬ 
ational  awareness?  The  terrifying  answer  could  very  well  be:  Everything.  The  task  Is 
theoretically  almost  Impossible,  but  fortunately  we  are  dealing  with  the  Immense  capabi¬ 
lity  of  the  human  mind.  Experience  has  shown  that  we  can  get  quite  close  to  mastering 
situational  awareness,  but  It  takes  a  lot  of  listening,  a  lot  of  discipline  and  a  lot  of 
co-operation  between  Individuals  Involved. 

Even  though  It  Is  hard  to  spell  out  the  main  Issues  Involved  In  defining  situational 
awareness,  I  dare  suggest  the  following  list  as  good  examples  of  some  of  the  more  Impor¬ 
tant  ones: 

Listen  to  experience. 

Keep  priorities  clear  In  relation  to  task. 

Use  common  sense  and  suund  judgement. 

-  Know  own  limitations  (stop  before  exceeding). 

Set  the  example. 

Be  aware  of  other  Individuals'  situation  and  limitations. 

Be  fit  for  task. 

As  can  be  seen  the  subjects  almost  exclusively  fit  Into  the  psychological  environment 
and  they  are  thereby  heavily  dependent  on  the  man/man/man  Interface. 

Situational  awareness  In  aerospace  operations  has  normally  been  related  to  flying 
operations.  But  honestly  -  Is  It  only  a  pilot's  challenge?  I  postulate:  Certainly  not. 

We  are  all  equally  Involved.  You  as  well  as  I  have  to  maintain  situational  awareness. 

We  are  basically  all  In  the  same  boat  as  the  operational  aviators  and  spacefllers.  The 
Immediate  and  personal  consequences  of  losing  situational  awareness  might  obviously  be 
much  more  disastrous  for  the  pilots,  but  could  disaster  be  a  result  of  some  of  us  having 
lost  situational  awareness  In  our  capacity  as  scientists,  medical  officers  or  ordinary 
staff  officers?  The  answer  might  very  well  be:  Yes,  we  could  be  directly  responsible. 

By  the  way,  have  YOU  ever  driven  a  car,  knowing  very  well  that  YOU  were  too  tired  to 
drive?  Probably;  In  that  case  situational  awareness  was  apparently  lost. 

Situational  awareness  Is  a  challenge  for  every  single  Individual  Involved  In  the 
endeavours  to  develop  and  sustain  safe  and  efficient  aerospace  operations.  L»t.  that 
challenge  lead  us  on  through  this  symposium  and  Int  our  future  work  within  the  auspices 
of  the  Aerospace  Medical  Panel  and  the  overall  objectives  of  AGARD  and  NATO  as  a  whole. 


ov-i'-i 


Les  determinants  de  ('appreciation  de  la  situation  tactique  et  le 
dlveloppement  de  systfcmes  d 'aides  ergonomiques. 


Factors  Involved  In  tactical  situation  awareness 
and 

the  future  of  support  systems. 
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Summary  i  The  paper  presents  a  review  of  Tacdcal  Situation  Awareness  (TSAI  studies  and  discuss  some  possibilities  to  support 
the  pilot  In  the  assessment  of  TSA  bv  the  mean  of  computer-aids.  Il  is  divided  Into  four  sections:  (i)  an  introductlve  discussion 
highlights  some  differences  between  the  concepts  of  spatial  orientadon  (  static  A  absolute  references  to  upright  and  horizontale), 
situation  awareness  (absolute  geographical  references  and  dynamic  evolution  of  the  process)  and  tactical  situation  awareness  (relative 
position  of  threats  and  dynamic  evolution  of  the  situation),  (II)  thus,  a  short  review  of  the  various  factors  involved  in  TSA  is 
presented  (ill)  in  order  to  propose  a  model  of  tactical  situation  awareness ;  (1111)  The  paper  concludes  with  the  description  of  some 
current  or  future  ergonomic  systems  capable  of  improving  the  tactical  situation  awareness.  Special  attention  Is  also  paid  to  training 
improvements, 

An  extended  english  abstract  is  Included  at  the  end  of  the  paper, 

(•Introduction 

Les  futun  avions  de  combat  voleiont  plus  vlte,  plus  bus,  par  louies  conditions  mdldorologlques  ou  nycthdmdrales.  lls  seront 
desslnds  pour  faire  face  I  des  contexts  operationnels  et  tactlques  de  plus  en  plus  complexes,  notamment  en  Centre  -Europe  ( rapport 
de  force  de  1  it  6 ,  peut-itre  1  k  10,  menaces  sol  el  menaces  air  trts  nombreuses  avec  partenaires  et  alllds  mdlangds  Ik  ces  menaces) 
(Symposium  Agard  GCP-KMP  1988). 

Dans  cette  situation,  ddjkpartlellementexistame,  le  idle  du  pllote  sereconsiddrablementtransformd  (Menu  &  al,  1988): 

- 11  toucheri  de  tnolni  en  molns  aux  commander  de  vol: 

•  il  supervisee  les  automates  chargds  de  l'asslster  dans  la  condulte  del  systtmes  (en  fait,  cette  supervision  sera  plus  rdduite  qu'on 
ne  peut  le  penser  tart  les  automates  sent  complexes  et  empruntent  des  ndsonnements  non  familiers  par  rapport  uux  ralsonnements 
humalns); 

-  enfln  et  surtout,  11  ddcldera  del  cholx  stratdglqucs  et  tacdques,  il  choisin  lea  alternatives  ;  e'est  ilk  la  vdritable  justification  de 
son  molntlen  1  bord. 

L'analyse  est  banale,  le  constat  millc  fols  rdpdtd  en  adrunautique  (Morlshldge,  19H8;  Smith  &  ,1988;  Wiener,  1989; 
Amalbertl,  1989):  L'dvaluatlon  de  la  situation  tactique  sera  un  dldment  cld-sinon  I'dldment  cld-du  succds  des  missions 
opdratlonnelies  de  l'an  2000 ;  elle  expliquera  ptesque  toute  la  variabilild  Inter-plloles,  tous  let  autres  dldmcnts  du  vd!  dtam  nlvellds  par 
une  technologic  somrne  toute  comparable  d'un  pays  A  I'outre  et  d'un  avion  de  mdme  gdndration  k  l'sutre. 

Pourtant,  alors  mdme  qu'un  nombrc  considdrable  d'dtudcs  restem  ddveloppdes  sur  le  concept  gdndral  d'orientallon  spatiule  (ou  i> 
sa  perturbation  sous  forme  de  ddsorlentatlon  spatlale),  peu  d'dtudcs  sont  consacrdes  k  la  prise  de  conscience  de  la  situation  dans 
I'cspace  (t  encore  moins  d'dtudcs  concemem  le  concept  de  prise  de  conscience  tactique  de  la  situation.  Tout  se  passe  commc  si  le 
premier  de  ces  concepts  (orientation  spatiale)  dlail  la  traduction  sclentlflque  exclusive  du  second  (prise  de  conscience  de  la  sltuutlon) 
et  que  le  fait  dc  rajouter  le  terme  de  "tactique"  ne  change  pas  grand  chose  a  cel  dial  de  l'an. 

Une  analyse  simple  des  facteurs  mis  en  jeu  ddmontrent  toutes  les  umbigultds  de  ce  rdductionnlsme  sclemitlque. 

I  .'nrientatinn  spatiile  repose  sur  la  capadtd  de  rdaliser  un  posltionncment  par  rapport  k  un  rdfdrenticl  fixe  :  les  directions  verticals 
et  horizontales  de  i'emece.  Cet  espace  est  lul-mdme  rdfdrencd  de  facon  fixe  pur  la  terre.  Les  dtudes  mendes  dans  ce  dotnuine  sc 
rdflrenl  k  la  prise  d'lnformadon  visuelle  et  aux  interacdoni  oeil-vesiibule,  La  capecltd  d'orientallon  suppose  le  manlemcnl  par  le  pilotc 
d'un  moddle  de  rdsoludon  des  confllts  perceptlfs  gdndrds  par  les  Information!  provenam  de  noi  diffdrems  capteurs  sensoriels,  Ce 
nuddle  repose  sur  1'  analyse  de  I'orientation  spatlale  pour  un  dial  momentand;  en  ce  sent,  11  s'sgit  typiquement  d'un  moddle  d'dtut 
(par  opposition  k  un  moddle  conllru  et  dynamique  ndcessltam  I'intdgrationd  une  succession  d'dtaij).  On  sail  depuls  Within  que  les 
fondemems  de  ce  moddle  percepdf  peuvem  (ire  imerprdtds  dans  des  tetmes  plus  gdndraux,  notamment  sous  forme  de  vdri tables  styles 
cognltifs. 

La  prise  de  conscience  de  la  linmlon  repose  sur  la  capaciid  k  se  posidonner  gdogrsphiquemem  par  rapport  k  la  terre  et  la  capachd  k 
cotnprendre  involution  du  processus.  Elle  suppose  de  la  part  du  pilote  la  manipulation  d'un  moddle  mental  du  processus;  ce  moddle 
rdiulte  dc  la  trensfennadon  des  dials  en  fonedor.  du  temps  (moddle  dynamique).  Il  esl  super-onion nd  par  rapport  au  moddle  de 
i'eriemadon  spa  dale  (le  pilote  peut-dtre  correctemcnt  orientd  par  rappon  I  la  verdcale  et  I  ihorizontale  et  malgrd  tout  due  petxlu  I). 
Quand  ce  moddle  est  conforme  au  tdel.  on  dll  que  le  pilote  a  "comprii'1  la  situation.  En  retour.  une  bonne  comprdhenslon  aide 
conilddrtblement  l'opdrateur  d  rdsoudrt  les  confllts  sensoriels  ponctueii  (ddsorientatlons  spatlales)  gdndrds  par  les  situations 
adronautiquet  (effet  de  feedback  sur  l'apprdcladon  de  la  situation  spatiale). 

La  prise  de  conscience  de  la  situation  tactique  repose  sur  la  capicttd  de  se  poaitionner  par  rapport  d  un  rdfdrentiel  relatif  (les  amis 
et  les  cnnemii,  compte  tenu  des  buts  poursulvis).  L'analyse  que  le  pilote  doit  condulre  necessite  de  ralsonner  sur  des  dials 
dynamlques  du  comportement  des  objets  contenus  dam  I'unlvers  (moddle  de  comportement  dynamique  des  objets  de  lunivers, 
encore  appeld  :  moddle  d'attentea  ou  "expectation  model"  dons  la  llttdrature).  L'appreciatlon  de  la  situation  tacdque  ndeessile  le  bon 
fonctionnement  del  deux  niveaux  prdeddents  (appreciation  de  I'orlentadon  spatiale  el  apprdciulion  de  I'orientation  gdographlque 
dynamique),  mail  invenemenl  ne  les  nourrit  pas  en  retour  (ou  trts  peu);  la  comprdhension  de  la  sedne  tactique  ne  facillie  pas 
i'apprdciidon  de  la  situation  spadale,  et  ne  change  pas  la  comprdhenslon  de  Is  situation  gdographlque  et  de  la  trajectoire  sulvie  par  la 
machine.  En  bref,  1‘apprdcistion  de  la  situation  tactique,  dans  la  mesurt  oh  elle  esl  princlpilemem  rdfdtencde  aux  propridtds 
dynamiques  des  objets  de  i'unlvers  (et  non  d  Is  terre  comme  les  deux  premiers  moddlea),  devlent  un  lout  sutre  objet  d'dtude,  et 
Impllque  sans-doute  des  aides  k  l'opdrateur  trts  dlffdrentes  (type  intelligence  artifluielle-copllote  dlectronlque). 
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II  convicnt  igalcment  de  soullgner  que  tout  avion,  et  mime  plus  giniralement  tout  mobile,  pose  lei  problimes  de  situation 
spatiale,  Ces  problimes  peuvent  itrt  reconstitute  au  laboratoire  et  analysis  selon  les  patadigmes  expirimentaux  classiques  dans  la 
mesuie  oil  il  s'agit  de  conflits  sensoriels  taches-indipendams  (au  fait  pits  que  la  neutralisation  de  la  tache  neutralise  igalement  les 
feedbacks  sur  I'appitclation  de  la  situation  spatiale  provenant  de  la  comprehension  de  la  seine,  feedback  tout  I  fait  determinants  en 
conditions  habitue! les). 

Invenement  la  prise  de  conscience  de  la  situation  ,  et  encore  plus  de  la  situation  tactique,  n'a  pas  de  sens  hors  de  la  tic  he.  Lea 
etudes  de  ces  domalnes  sont  done  nicessairement  des  etudes  en  situations  naturelles,  evcntuellement  del  etudes  en  iltnulateure  de 
vol  complets,  mail  en  tout  cu  juniis  del  etudes  de  laboretolrei.  Lei  outlll  methodologiques  I  mettre  en  place  aont  differents,  lea 
domaines  icientiflques  concemii  sont  igalement  differents:  psycho-phyalologle,  psychophysique,  psychologic  expirimentale  dans  le 
cu  de  revaluation  de  la  altuation  spatiale,  piychologie  cognitive,  ergonomic  cognitive  et  modtlei  Informatiquei  dans  le  cm  de 
rappitciation  de  It  situation  tactique.  Reppelons  encore  que  It  prise  de  conscience  de  It  situation  tactique  est  particuliirement 
Importanie  en  aviation  de  combit  mils  quelle  rests  pertlnente  pour  I'tvistion  civile,  notamment  pour  les  activites  de  vol  k  vue, 
d'anticolliilons  en  vol  et  de  traflc  sdropon  (taxi-way,  parking), 

La  suite  de  ce  texte  reprend  plus  en  ddtall  les  fondements  del  troll  modiles  dicrita  (82)  :  modiles  de  la  situation  ipstiile,  du 
ptoceisus  et  de  la  situation  tactique,  avant  d'en  proposer  un  rdiumi  fonctlonnel  (83)  et  d'en  examiner  les  consequences  en  termes 
d  aides  embarquis  ou  de  programme  de  formation  (14). 


2-Facteurs  Impllqu'x  globalement  dans  la  prlie  de  conscience  de  la  situation 

2- 1  Facteun  Impllquis  dans  rorientation  spatiale 

La  tiche  de  pilotage  n'eat  pas  une  situation  naturelle  pour  l'homme.  Elle  Impllque  del  evolutions  ropldes  dans  un  unlvers 
multidimcnsionnel.  II  peut  en  nisulter  dans  dlffirentcs  situations  del  conflits  sensoriels  ginirant  des  illusions  sensorielles  ou  mime 
des  desorientations  spatlales  voire  mime  &  I'exttime  un  veritable  mal  de  lespace. 

Un  constat  dolt  ene  fait  d'emblde:  on  parle  beaucoup  plus  souvent  do  desorientation  spatiale  (analyse  des  factcun  pertuibant 
rorientation  spatiale)  que  d'orientation  spatiale  (analyse  des  facteurs  produlsa.it  I'orienution  spatiale).  Riguliirement  des  congris 
AG  ARD  (CP  93,  CP  287,  voir  par  exemple  pour  une  revue  de  synthise  Colin,  ou  plua  recemment  let  articles  du  CP  433) 
prenant  pour  thime  les  desorientations  spatlales  ou  le  mal  de  lespace,  ivoquent  quels  en  sont  leurs  retentissemem  sur  le  pilotage  et 
ptesenient  les  tnoyens  de  let  dvlter  ou  de  lea  con  tier. 

2-1-1  M&anlsmcs  physlologiques  de  I'orienution  spatiale,  imeimodaltie  sensorielle  et  facteurs  pertuibants 

L'orientation  spatiale,  telle  que  nous  1'avons  diflnle  pricidemment,  Impllque  une  perception  de  la  vertlcale  et  de  t'horizontale.  En 
aiionaudque  comme  sur  teire,  elle  est  basic  sur  des  micanlsmes  psychopnyslologlques  qui  peuvent  itre  perturbtis  par  diffirtnts 
facteurs  extemes.  Ces  deux  aspects  (conditions  physlologiques  et  agressions  spiclfiqucment  airunaudques)  dolvent  done  itre  pria  en 
compte. 

Chex  l'homme,  I'orienution  spatiale  dipend  de  Immigration  de  signaux  issus  de  1'er.semble  des  syslimes  sensoriels:  le  :,ystime 
vliuel,  le  systime  vsitlbulalre,  la  proprioception,  et  i  un  niveau  moindre  I'audllion.  Alors  que  les  yeux  donnent  une  image 
tridimendonnelle  de  l'environnemem,  le  systime  vestibulaire  informe  sur  les  mouvementa  linialres  ou  angulalres  tie  la  tile.  Le «  autres 
ricepteurs  de  la  proprioception  donnent  des  Informations  sur  la  piriphirie  du  corps.  L'audltlon  dont  le  me  est  llmlti  sur  teire  dam  lex 
micanlsmes  d'orientation  spatiale  peut  toutefoii  itre  utile  en  vol. 

Pepuls  blen  longtemps  un  concensus  existe  pour  lndlquer  que  Is  vision  est  le  systime  sensoriel  privlligli  de  1'oiieniadon  spadsle. 
Les  riflexes  poaturaux  et  vestlbulooculalres  stabUisent  l'inwge  ritinienne.  Ces  micanlsmes  sont  de  plus  en  plus  pticlsimcnt  inidlis, 
suriout  si  Ion  envisage  ['utilisation  I  I'avenir  de  visuels  et  vlscurs  de  casque  (e.g.lnterectlons  stimulations  vestibulaire  parslcullirc  sur 
des  tfichei  de  tracking  vliuel  (Leger  St  Sander,  1988), 

Le  vol  ajoute  aux  modilex  pticideMi  la  nicesslti  de  prendre  en  compte  les  variations  du  facteur  graviutionnel.  Ces  chsngeinenu 
stimulant  1-  systime  vestibulaire  selon  un  mode  Inhabltuel  car  non  rencontries  pour  un  hcxnme  vlvant  sur  terre.  Ces  stimuladons 
veitibulabes  Inhabituelles  peuvent  itre  i  1'origtne  non  iculensent  de  riflexes  oculovestlbulalres  mail  aussl  ti'une  modification  de  la 
perception  dels  vertlcale  (Grayblel  3t  il,  1979), 

2-1-2  Micanlsmes  nomuux,  Vision  et  orientation  spatiale 

L*  vision  est  avec  le  systime  vestibulaire  I'un  des  deux  systimes  indlspensables  pout  le  posltlonnement  du  corps  dans 
lespace.  Le  title  reipectlf  de  It  vision  cenirttie  e»  de  la  vlaton  piriphirique  pour  l’orientation  dans  lespace  doivent  itre  envisagis 
■cion  un  mode  procne  de  celul  que  Schneider  (  19:a  1  a-ait  propose  et  que  Lelbowlti  St  Dlahani  (1980)  divcloppiient  pour 
I'aironeutique  (congris  AOARD  consacri  aux  disorientations  spaiiales),Toutes  les  itudes  effectuiei  depuls  ont  priclsi  cette 
difference  entre  la  vision  cetu-ale  ("Focal  mode")  et  la  vision  piripheriqiie  ("Ambient  mode"). 

La  vision  oiiiphirique  est  essentielle  pour  (orientation  spatiale  du  fait  de  la  senstbiliii  particullire  de  perception  des  details  luges 
et  du  mouvemeni  (Menu,  1986).  Les  details  les  plus  larges  de  I'lmsge  iltuent  de  manlire  comparative  la  position  des  objeta  dans 
lespace.  Pour  Is  perception  du  mouvement  11  faut  dlssocler  la  sensation  de  mouvemeni  dgocentrique  de  la  senaadon  exocentrique. 
Pour  les  sensations  igocemriques,  le  sujet  stitlonnaire  "attribue"  le  mouvemeni  aux  objeu  et  se  sent  Immobile,  Pour  les  sensations 
rxocentriquei  de  mouvement,  le  mime  sujet  sutlonnalrc,  se  sent  en  mouvement  dans  un  envlrcnnement  immobile.  Cest  Is  vection. 

La  vision  centrale  est  cemparativement  beaucoup  molns  Impllquie  que  la  vision  piriphirique  dans  les  micanlsmes  de  I'orienution 
■pedate.  Elle  coneeme  plutfet  fo  pouvolrtle  discrimination  fin  du  systime  vlsuel  (appnicle  cllnlquement  par  la  ditetmlnatlon  de  I'eculti 
vuuelle)  et  la  perception  de  la  vcrticollti  (par  association  i  des  stimulations  vestlbulalres). 

L'ensemble  de  cette  perception  du  mouvement  psr  le  systime  vliuel,  1'lnfluence  de  la  vision  centrale  ei  de  Se  vision  piriphirique, 
la  pondirBHon  avec  le  systime  vestibulaire  ont  particullirement  Hen  iti  imdltii  par  une  sirie  d'auteurs  comme  Reason  St  D  rand 
(1973),  Brandt  St  al  1973,  Bonnet  (198Z),  Juhansson  (1982),  Berthox  St  el  (1979).  Lelbowlti  St  al.  (1982)  ont 
essayi  de  synthitiser  It  rble  des  connaissances  les  plus  ricentei  sur  le  plan  du  systime  vlsuel  dans  la  condulte  d'un  vihicule. 

Toutes  ces  experimentations  ont  iti  effectual  de  manlire  Isolde,  s boride  sur  I'tnimal  evec  des  itudes  neurophyitologlquei  et 
chez  l'homme  svec  des  techniques  psychophyilquesCWerthelm  St  si,  1982), 
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2-1-3  IntermodaJitds  cl  facteurs  modifiant  1  'oricntatiofi  spatlale 

L'influence  et  le  rdle  del  turn  capiturs  scnsorieli  onl  itt  itudlia  soil  isolimenl  soil  en  interaction  dull  ns  micanlimea 
d'orienurion  ipadaie.  Une  aboncante  llttuiture  dicrit  (Influence  de  cea  diffdrens  capteun  (Boff  &  al,  1986).  L'anaiyse  des 
facteun  impliqudi  dani  (orientation  spetiaie  telle  que  prdsentde  dani  I1  "engineering  data  compendium"  publld  par  Borf  &  Llnclon 
(1988)  montre  I'eaialence  Cur.  trti  grand  nombre  de  facteun  aaiocibs:  perception  du  mouvement,  perception  de  li  taille,  de  la 
forme,  de  la  dlilanoe,  localisation  ipadaJe  Cei  cinq  mbriquei  ou  grand  thtmea  de  i'oriematioii  ipadaie  aont  dderits  progresslvement 
aelon  une  atmeture  emboltde.  On  aboutlt  alora  4  dea  deacriptiona  trti  prdciaea  par  le  biaia  de  rdauliata  d'expdriencea  de 
psychophysiqua  aur  lTtomme  de  facte ura  comme  facuitd  atdrtoacoplque  ou  (adaptation  1  dea  diatoralona  viauellea.  Lea  rtaultau  de 
tallea  ttudea  permettent  de  ddflnlr  ou'en  aituadon  habituelle,  la  viator  eat  la  moulltd  aenaorielie  opdmale  pour  donner  l’oriemidon 
vtrticale  du  corpa.  Le  lyatbme  veadbulaire  ne  prend  l'aacendance  aur  la  viaion  que  loraque  la  vlilon  ne  remplit  ptua  cocrectement  aon 
idle  (abaance  d'lmagt  ou  image  de  mauvalae  uallUJ.On  aboudt  alora  4  la  deacripdon  de  altuationi  confllctuellea  aoua  forme d'llluslont 
aenaoriellea  1  point  de  dipart  Miuel  ou  veadbulaire. 

Sur  le  plan  de  la  physiopathogdnle  dua  ddaorientationa  apadalei  rencontrdei  an  adrenaurique,  Btnion  (1984)  propoao  un 
moddla  du  oontrtie  moseuretdu  mouvemend  D  udliw  ce  moddle  pour  expllquer  l'apparidon  du  mil  dee  mnaporta.  Dea  structures 
neuiunalas  quallhdea  de  "comparateur"  onl  pour  ofcijel  de  mettn  en  relation  une  trace  mSmoriade  d  une  aituadon  avec  ce  qul  eat  foumi 
par  lea  systimss  aenaoriela  eaaendela  pour  l'orientadon,  k  aavotr  la  viaion,  lea  canaux  aemiclrculairea  et  le  ay  elbow  otollthlquo.  Un 
dcart  nladvement  important  entn  le  patlem  mdmoriad  et  oelul  qul  eat  fount!  par  lea  capteun  unit  gdndrateur  d'une  aituadon 
Inhabituelle,  pouvant  produira  laa  micaniimes  de  ddaorienutdon  ipadaie  et  1 1'extrtme  le  mal  dea  tram  porta. 

Bn  dehora  dea  conflita  intaneniorieli,  d'autrea  agreuiona  phyalquei  adronautiquei  peuvent  avoir  un  retendiaement  aur  lea 
mdoanlimea  phyik>k>gl,uei  de  1'orlemation  apidale.  Soua  acceldratlon  ou  aoua  hypoxic,  ia  viaion  pdriphirique  Mru  la  premlire 
touchde.  Or  noua  avona  vu  ion  idle  eaaendcl.  L'hypoxie  peut  mime  avoir  un  idle  global  aur  le  ayatbme  nerveux  centre]  et  retendr 
directement  aur  lea  mdcinlamea  de  tndtement  d'ln formation  et  dc  nlioludon  de  problfcme  (comme  revaluation  de  la  aituadon  tacdquc), 

2-l-4Pacepdondelaverdcale  et  atyle  cognltif 

Lea  piyohologuea  oxpdrlnwnudiitei,  partiouliirement  lea  Oeaudditei,  ont  dgalemem  beaucoup  apportd  1  la  comprehension  dea 
mdeaniimes  de  perception  de  la  vt-dcale.Deux  Ihdoriea  de  penwpdon  de  la  verdoale  a'oppoaaienl  dam  ia  pdriode  de  l  immddlat 
aprti-guerre  :  cells  donnant  le  primum  k  la  reference  vlauelie  el  celle  donnanl  le  prlmum  k  la  reference  poatuimle.  Within  (19S9) 
dam  une  experience  princepi  (le  aujet  dam  unc  chamtre  noire,  mil  aur  un  atige  Inclinable,  avec  face  1  lul  un  baguette  allude  dani  un 
cadre,  doit  la  remettre  verdcale)  montre  que  lea  deux  thdoriei  aont  validea  :  certain!  aujota  «e  Bent  au  barrel  du  cadre  pour  aligner  la 
verdoale  do  la  baguette  (ill  aont  dlta  ddpendanu  du  champ  viaucl),  d'autrea  lujeli  ae  flam  it  leurt  sensations  veitlbulalrea  (il  aont  dita 
Inddpeiidanu  du  champ  viauel).  Trti  rapidement,  Within  dlargll  aa  thdorie  en  montrant  quo  lea  aujatl  ddpendami  du  champ  onl  un 
veritable  comportement  gdnbml:  la  ddpendance  /inddpendance  du  champ  (viauel)  (  ou  D.l.C.)  eat  alon  conilddrte  comme  un  atyle 
cognidf.  En  1962,  Wilkin  It  al  competent  cede  analyse  en  introduiaant  I'ldde  de  dlfferendadnn  piychologlquc  :  la  dlffdrenclutlon 
carectdriie  lea  reladom  entre  le  aujet  et  le  monde  extdrieur  :  le  iqjet  eat  d'autant  plus  diffdrencld  (Inddpendam  du  champ)  qu'il  crolt 
moina  k  ce  qu'U  volt  dani  le  monde  exterieur. 

A  ce  Jour,  la  lltteratun  conaaerte  aux  atylea  cognidfi  cal  Immense,  trti  homoghne  quant  aux  aapecla  percepilfs,  plua  dlscutde 
quant  aux  Incidence*  aur  la  peraonnalltd  (pour  un  pout  da  vue  complet,  voir  par  example  la  aynthbie  rdeente  de  Hutaau  ( 1985)). 
En  adrenaurique  (dtudei  canographlquea,  (Santuccl  It  al  (1981),  Papin  It  Valot  (1983)  ou  dam  dea  tlchca  dqulvalentei 
(Goodanough  It  al  (1982),  tic  he  de  aerveur  de  bitubea  and  adrien,  Marandaa  &  Ohlman  (en  coun))  pluaieun  auteurs  ont 
repria  cea  trnvaux  pour  apprtcler  le  rfile  de  la  D1C  dam  lea  ddierientilloni  ipadalea.  Cea  dtudei  montrent  (I)  que  la  DIC  joue  un  rtle 
important  comme  facteur  rtgulateur  centra)  au  niveau  de  I'lntd (ration  Imer-ienaorieUe  (rtglage  et  seuillage  du  comparateur  dana  un 
■noddle  de  type  Banaon  (1984)),  (11)  que  lea  pllocea  de  combat  aont  trti  aouvent  dea  personnel  ditea  inddpendaniea  du  champ"; 
ceci  peut  expllquer  leur  relative  rtalatance  1  la  ddsorienladon  ipadaie  par  rapport  I  dea  non-pilotea  placda  dani  lea  mtmei 
circomtances,  (lb)  e'est  l'environnement.  la  culture  et  lentralnemem  qul  faponnent  le  degrt  de  ddpendance  I  I'dgard  du  champ;  II  eat 
dgalemem  soullgnd  que  tout  aujet  udllae  un  mode  prdfdrendel  de  fonctionnement  (dfpendant  ou  Inddpendam)  mala  en  capable 
volontalremcntd'udliaer  I'autre  mode  aunout  i'll  luml  un  entruinemem  spdclnque  pour  cell. 

2-2  facteun  Impliquda  dam  la  prise  de  conscience  de  la  situation 

La  prise  de  conslence  de  la  altuatlon  eat  parfaltement  aialmllable  k  I'ldde  de  comprdhenslon  de  la  seine;  II  I'aall  pour  I'npdntieur  de 
sc  dreaierune  reprdaentatlon  mentale  conrcte  de  u  poll  don  gdographlque  actuelleet  future  compte-tenu  du  ddpfiicement  ric  l'avlon. 

Deux  famillea  de  facteun  peuvent  done  dtre  dlacutdi  dans  ce  cadre  :  (I)  l'dvaluadon  de  la  position  gdographlque  Instantande 
(navigation,  cinogrephle),  (II)  f'dvaluation  de  la  tranafonnation  future  dea  dim  du  fait  du  ddplaccment  (moaile  du  processus). 

(I)  Evaluation  de  la  petition  gdographlque 

Cette  acdvltd  repoae  aur  la  geilion  du  plan  de  vol  et  aur  l'analyae  de  I'hlitorique  dea  fails  survenua  pendant  la  mission. 
LTilstorique  des  fails  petmet  d'eitlmer  les  perturbations  cansdes  au  plan  de  vol  et  d'en  dddulre  une  estimation  relative  de  I'dcict. 
L'introducdon  de  centrales  1  inertie  et  dc  calculiteun  de  bortl  capablei  de  tnvalller  sur  des  points  prdpards  1 1  avince  a  boulevcred  ce 
type  d'acdvitd  dam  la  mesure  oti  die  permet  au  pilott  pluiieun  degrdi  dc  llbertd  dans  in  navigation.  Avuc  de  tela  systimes,  ia 
position  instantande  non  plua  idfdrencde  1  la  terre  en  projection  verticalc  mils  sc  trouve  rdfdrencde  dana  un  oipace  "horaire-vltesse  it 
prendn-dlslance"  1  des  points  fixes  eux  mimes  clairement  idfdrencdi  1  la  terre  (les  points  tourimnu);  11  s'cglt  ici  d'une  gdndrallsatlon 
des  aides  1  la  navigation,  jusqu'l  prdsenl  llmitdei  aux  balliei  posdes  au  aol.  En  brer,  l'lnooductlon  de  ces  syitimei,  tout  en  donnant 
au  pilotc  unc  trti  grande  marge  de  manoeuvnbllild  de  navigation,  a  pratiquemenl  tdsolu  les  probldmes  de  refdrence  gdogrsphique  en 
en  changcam  leur  nature.  D  reste  que  le  panne  dventuelle  de  ces  syitimei  oil  une  sortie  prolongde  de  Is  mute  prdvue  (dvidve  uctique) 
peuvent  remener  le  pilote  dans  une  aituadon  de  navigation  manueUe,  L'effet  de  I'uilstance  peul  aloes  (tre  pervers:  Amalbertl  It  al 
(1987)  obaervent  par  exemple  que  lea  andem  pllotes  condnuent  avec  les  nouveaitx  syatiinea  1  ubliser  en  paraltiledes  proeddures 
automadquea  dea  proeddurea  personnellea  de  navigation  martuellea  (recosipement  dlven,  chronomdtrage  del  brenchei,  utilisation  de 
la  carte  luO.OOO*  4  Deed,  etc)  alora  que  les  jtunea  pilolcs  ont  tendance  t  ne  plus  predquer  cea  modes  minuets,  voire  mdme  4 1'extrtme 
4  ne  plua  prendre  de  carta  de  navigation  avec  eux.  C'eal  toute  la  relation  rie  confiance  au  ayatime  qul  cst  en  jeu  (Valot  It 
Amalbertl,  1989)  et,  en  ce  aena,  cette  dimension  ddpane  largement  le  cadre  de  I'apprdclatlon  de  la  situation  pour  attelndre  celui 
de  vdritables  styles  de  pilotage  diffdrents;  les  jeunes  inveitiasam  plus  de  confiance  dam  lei  systdmes.  mala  '«a  connaissant  mleux 
dgakment ,  utillaent  aouvent  plua  compldtemem  que  leun  ancleni  la  haute  technologic  dea  avions  modemea  dana  le  combat;  L'excia 
de  confiance  eal  la  nuifon  de  cette  nouvelle  repartition  dea  reaaourcea  (el  des  idles)  dana  le  couple  pitoie-avion. 
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(li)  module  du  processus 

L'idfc  que  rhomme  utilise  pour  conduire  les  processus  une  representation  mentale  de  Involution  de  la  situation  qui  piend  en 
conrote  let  capacity  et  ies  limites  de  la  machine  eat  maintenam  blen  dtablle.  On  retrouve  ce  concept  chez  Cuny  A  Deranxart 
(1972)  avec  ia  nodon  de  "machine  minimalc"  (ensemble  minimal  des  variables  d’un  systime  qu'il  sufTit  de  connaltre  pour  conduire 
le  processus)  ou  encore  chea  Moran  (1981)  avec  la  nodon  de  "grammaire  limitde"  pour  la  programmation  (ensemble  minimal  de 
rtilet  de  griunmalre  utile  pour  programmer  sur  une  machine  donnde).  On  le  retrouve  dgalement  dans  pluiieun  experimentations 
relatives  ill  tic  he  de  programmeur  (modtle  de  it  calculette  chez  Youn|,1981):la  logique  technique  de  construcdon  d'un  syslime 
(ou  logique  du  foncdonnement)  peut  In  clalrement  diffdrendde  de  le  connaissance  que  I  on  dolt  possdder  sur  le  mime  syattme  pour 
I'utlllier  (logique  de  1'udlliadon)  (Richard,  1983),  Cette  denlirt  connilisance  est  blen  plus  simple,  flnaliste  par  le  but,  permettant 
un  guldage  et  une  regulation  des  ecdons  (utilliant  des  representations  opdntionnellei,  Ltplet,  1988)  et  aurtout  procurant  1 
l'opirateur  une  anticipation  du  componement  du  processus.  Ceil  typiquement  ce  type  de  representadon  mentale  que  i'on  appele 
modtle  du  processus . 

En  pilotage,  cette  representation  du  proceisus  est  essentielle  car  elte  fournlt  au  pilote  une  anticipation  sur  les  evolutions  de 
trqiectcnre,  Quand  cette  anticipation  est  ccrrecte,  les  phdnomines  de  desorlentations  spatisles  sont  extrtmement  limites. 

Dens  la  rts  gnnde  major)  td  des  caa,  la  source  des  accidents  graves  reputes  dus  1  un  ddaorientatiott  ipatiale  se  trouve  ttre  la  parte 
initial*  de  la  comprehension  de  la  dynamlque  de  la  settle  (Newman,  1980,  1988,  Sanlucd  A  el,  1984.  etc),  pane  qui 
entraine  lecondairement  une  ddacrienistlon  spadale  par  ddfaut  de  refdrentle)  qui  en  retour  parasite  encore  plue  ie  mdcanlsme  de 
comptehension:  psrcequ'elles  touchent  It  des  problimei  cognitlfs  complexes,  ces  ddsorientatloni  son!  g<n<ralement  de  longue  duree, 
et  c'est  blen  It  raison  pour  laquelle  dies  genirent  des  accidents  graves.  Inversement,  de  nombrtux  incidents  ptisagers  et  sans 
consequence  ont  pour  origine  des  confute  aensorieli  Inslamandi,  facllement  re  solus  dis  lore  que  le  pilots  posibde  une  bonne 
comprehension  de  I'unlven  dans  lequel  11  dvolue, 

Alnil,  en  1982-83,  lidronavile  Pnngalse  perd  6  super-etendards  en  quelquet  motx.  Ces  avlons  sont  let  premiers  avlont 
Frencals  dotds  d'un  collimateur  rfle-hsuie  de  pilotage.  La  premitre  cause  dvoquee  est  la  ddsorientatlon  ipatiale  car  pluslcura  des 
accidents  sont  aurvenus  en  vlrage  ou  lots  d'entrdes  en  couches  nusgeusei,  L'analyse  (Sanlucd  &  *1,  1984)  montreni  que  ces 
accidents  sont  survenui  avec  des  pllotes  ayant  dijl  un  pass!  adronautique  important,  utllliam  la  VTH  avec  des  comportemeius 
magiques  (conflance  excessive,  manque  total  d'amlclpailon)  et  qu'lls  se  sont  sont  retrouvdi  ddsorientdi  paroe  qu'ila  n'avalent  pas 
compris  la  rymbologle,  du  fait  de  leur  inexperience  ou  du  fait  d'un  manque  de  doctrine  dans  I'utlllsatlon  du  viseur  (fort  vent,  entree 
en  couche  nuageuie).  La  ddearlentation  provenalt  (I)  d'une  mauvalie  comprehension  de  I  information,  puls  de  la  situation,  (II)  d'une 
decision  de  retour  aux  Instruments  claasiques  imp  Unlive,  (lil)perce  que  cette  decision  dull  trop  tardive,  d'un  bowulemenl  brutal  de  la 
tile  alon  que  1'avion  dtalt  ddjt  en  evolution  replde,  done  aggravation  par  un  confllt  senroriel  possible, 

Bnfln,  l'entemble  del  dtudes  montre  clalrement  qu'en  situation  de  combat  adrien,  le  pilote  sntlclpe  grltce  au  modile  de  processus 
qu'il  possdde,  la  tnjoctolre  qu'U  va  rdallser.  Pendant  Involution,  11  ae  soucie  en  consequence  beaucoup  moins  de  connaltre  »n 
orientation  piddae,  sachant  que  la  manoeuvre  engagde  ve  le  ranrener  dans  une  position  non  ambigile.  Les  accidents  survlennent  quand 
le  pilote  tie  peut  pee  rdallser  la  manoeuvre  qu'il  avait  envisagde  et  done  ae  retrouve  contraint  d'dvaluer  son  orientation  spadale  pendant 
la  manoeuvre  sans  anticipation. 

2-3  Ficteun  impllqutii  dans  la  prise  de  conscience  tacdque  de  la  situation 

La  prise  de  conscience  de  la  situation  tacdque  peul-itre  ddflnle  comme  ia  prise  en  compte  des  dvinemenu  et  contruintes  gdr<rf  es 
par  le  coniexte  et  suscepdblet  de  gdner  1'attelnte  du  but  Rappeloni  dgaiemenl  que  la  tactlque  est  ddflnle  en  psychology  cognitive 
comme  une  procedure  coniciente,  oriemde  vers  un  objecdf  precis  (flnallide)  et  destinde  8  tdioudre  une  situation  probidmadque;  le 
lerme  est  vofsln  du  concept  de  "  itratdgle''  mail  a'applique  I  del  procedures  de  plue  coune  durde.  L'dlaboradon  de  la  tacilque  repose 
sur  les  aitemea  que  l'on  peut  ddvelopper  sur  revolution  de  I'environnemenl  C  elt  h  Tolman  A  al  (1946)  que  I'on  doit  la  premiere 

formulation  d'une  telle  thdorie  des  altentes  (sign  gestalt  expectations  thcoty).  Actuellement,  la  notion  d'attente  est  gdndrali  ntic  sous  le 
nom  de  modile  d'attente  (expectation  model)  ou  modile  mental  du  monde  envlronnam,  veritable  representation  cognitive  de 
revolution  dea  ficteun  compoaanu  I'environnemenl,  Ces  modiles  out  dtd  psrdculliremen!  dtudlds  en  linguitllque  et  psychologic 
gdndriie  (logique  des  mondes  possibles ,  en  economic  (thdorie  flduclaire  de  I'sdsptadon  aux  variadons  de  Is  bourse)  et  dam  tea  jetix 
de  guerres  et  les  entreinetnenti  aux  pritei  de  decisions  des  ddcideun  del  chefs  mllitaires,  Dans  ces  situations,  comme  en  contrAle  de 
proceuui,  U  appanit  que  les  opdrateun  humains  catdgorisem  et  hidrerchlient  I'environnemenl  en  fonclion  du  temps  que  meltiont  les 
dlffdrenies  variables  die  1'envlronnement  8  let  menscer,  Cede  cildgorisadon  sboutit  8  une  limpliflcation  des  ivinement  possibles  , 
avec  des  ralsonnementi  basis  sur  un  ensemble  Undid  de  fecteurs  el  orientde  8  court  terme  (  Rouse,  1981  i  Amalbertl  A  al, 
1987) 


3-Vere  un  muddle  de  I*  prlee  de  conscience  de  la  eltuetlon  tactlque. 

Let  dlffirenu  mdcanlsmes  et  facteurs  envisages  dims  le  ptngrapbe  precedent  peuvent  ttre  usemblds  su  sein  d'un  motiile 
heuristique  de  la  prise  de  conscience  de  la  situation  tacdque  (figure  1).  Un  tel  modtle  permei  sur  un  plan  ergonomlque  de  mettre  en 
piece  Its  diffdrenu  points  oh  les  syitimei  d'lides  pourronl  Imervenir, 

Le  tnodile  pidsenid  posatde  deux  nlveaux  foncdonneli  distinct! : 

-le  premier  nlvesu  correspond  8  la  comprehension  de  Is  seine  et  comporte  en  elements  de  bases  ies  mdcanismes  de 
I'orientadon  spedsle  (selon  le  modile  heurlidque  de  Benion  ( 1984)  enrichl  des  connaiisances  poudddei  sur  lei  styles  cognldfi). 
Le  contpsdhension  tdsulte  de  1'anelyse  cognitive  de  donniei  de  diffdrentes  natures  :  suite  d'dtits  d'orienudons  spitlules,  experience 
•eniorielle  done  ie  domain e,  connaissance  del  buti  pounulvii.et  connilnance  ponddde  iut  te  foncdonnement  de  U  macfdne.  Ce 
modile  de  wmprdheniton  de  li  icine  ,  permettant  au  lujet  de  itvolr  d'oCt  II  vlent  el  oh  11  va  (dint  la  meiure  oh  11  n'y  Bumit  pas 
dtncldent)  peut-itre  represent!  sous  forme  d'une  architecture  Infamadque  de  type  "black-board''  aliment!  par  lei  different!  elements 
envisages  pteeddenunem.  La  sortie  de  ce  niveau  est  double  :  interne  et  exteme.  Interne  car  la  comprehension  de  la  seine  assure  un 
feed-back  sur  lei  danndet  nouniuent  le  blackboard,  particuliirement  lei  mdcanlimei  de  I'orientadon  ipe title;  cette  compidhenslon 
introduit  ainsi  une  grtnde  tolerance  8  1'errtur  sur  let  probltmes  de  perception  et  de  rdglege  du  companteur.  Exteme,  elle  nourrit 
partiellement  le  nlveeu  de  1'tnilyie  tactlque. 

-le  second  niveau  est  celui  de  I'tnelyse  tactlque;  11  intigre  lei  donnies  de  la  comprehension  de  la  seine  8  cellos  qui  ltd  suit 
foumtes  par  un  modtle  de  ootnportement  des  objeti  de  I'unlven.  II  ndeesatte  igalement  le  recours  I  un  modtle  du  processus  pour 
sdlecdonner  la  bonne  rdponie  en  fonction  des  possibility  rdelles  de  I'enseinble  de  la  machine, 
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(-perspectives  d'aldrt  ergonomlques 

4- 1  probldmatique  del  ildei 

U  structure  mime  du  module  explicit^  deni  lei  paragraphes  prdcddents  conduit  I  ae  poser  la  question  "aides  it  quo!?"':  aides  4 
1" orientation  ipadale,  aides  I  la  perception  de  la  situation  ou  aide  ti  la  perception  tsctique;  it  ('evidence  II  a'agit  au  molns  pour  le  dernier 

cai  tto  probl times  de  niture  asiee  dif  fdrente : 

-1'aJde  t  la  comprehension  de  le  eituidon,  par  le  irtii  fort  feedback  ealiunt  sur  I'orientatlon  ipatiale,  devrait  permettre  une 
resolution  rapid*  dee  confliu  sensorial  it  an  ce  sent,  cette  aide  de  niveau  aupdrieur  eat  i  ptivlUgler  It  une  aide  de  premier  niveau  qul  ne 
fait  que  rtgler  lea  probltimes  ponctuell  d'orlenution  ipatiale.  Toutefoii  cette  opinion  peut-titre  ponttortie  dana  lei  cal  d'tivotutioni  trtit 
rapide  (type  combat  atirien)  oh  le  pilots  peut  trouver  benefice  d  une  euiiiaiico  ti  la  perception  de  l'horiiontale  st  de  la  vertlcale. 

-L'alae  t  le  perception  tsctique  ne  peut  empnmter  lea  mtimei  voiei.  U  perception  tactlque  ne  gartntlt  en  tien  que  I'operateur  all 
une  bonne  representation  de  ion  orientation  ipatiale  (absence  de  feedback).  Invereement,  une  bonne  orientation  ipatiale,  mtme  s'il 
a'agit  d'une  condition  nticeuaire  i  une  repidiemation  tactlque,  ne  limit  (ire  une  condition  auftiatnte.  II  faul  ddvclopper  dea  aides 
spdciflquea  ti  ce  niveau  et  enviaager  de  fail*  fonctionner  dea  aldea  du  niveau  prdeddent  et  dea  aides  de  ce  niveau  de  fa? on  aimultande. 
In  probltme  de  ndceuain  homogdntilte  et  d  in ttigra lion  ayaitime  eat  done  poati  dana  la  conception  gtintirtle  de  l'uchltectute  de  cea 
•idea. 

Le  pint  propose  dticoule  de  cette  enalyae,  II  distingue  pour  chacun  dea  deux  ntveeux  lei  solutions  exlatentes  de  cetlea  qul 
pounaient  (tra  diSveloppidei  en  accord  avtc  lea  modtilea  el  lei  racteun  analy  ads  prdcddetnmentt  dana  tout  lei  cm  une  part  significative 
■era  r<iervtie  aux  actions  da  formition  del  pilolei, 

4-2  Aidea  rdpondsnt  k  (orientation  ipatiale  el  ti  le  pereeption  de  la  altuttion 

4-2-1  Aldea  favorlaant  1'orientation  ipatiale 


4-2- 1- 1  Actions  eur  lei  eyettimeat 

L'uchltecture  dea  planches  de  bond  actuellea,  notamment  avec  I'introducdon  dea  VTH,  rdpond  ti  la  ndcessltd  de  malntenlr  le  Dilate 
dens  U  boucle  pour  del  domainei  de  performances  de  plua  en  plus  dlevds  aoua  fort  fecteur  do  charge  et  loti  devolutions  rapldea;  II 
faul  pentie tire  au  pilots  de  girder  ion  regaid  aur  le  monde  extdrteur,  t  la  foil  pour  lui  d viler  del  tranaltiona  VTH-VTB,  couteusea  en 
tempi  et  gdndratricei  de  confute  aenioriell,  mail  auul  pour  del  raiiona  tactiquei  (dvolutiona  rapldea  de  la  ■liuRtion  extdrieure).  Une 
premitire  aoludon  eel  pure  mem  eyitdmique  (automate  de  remiie  k  plat  de  i'avion );  une  deuxltime  aolutlon  coniine  ti  optimlaer  la  VTH 
oufet  k  la  coanpldlcr  par  d'auirei  dlapositifa  de  prdaentatlon  d'informetiona.  Une  trolaitime  solution  coniine  k  remplacer  I'enacmble 
de  la  planche  de  bond  par  un  vlaeur-viauel  de  caique. 

(I)  Sur  certain!  avione  runes,  le  pllole  dispose  d  un  Interrupteur  coup  de  point  lul  penmetlant  en  cm  de  ddsorientatlon  ipatiale 
une  reprise  en  main  automatlque  de  I'altilude  de  I'eppereU  ramend  alon  en  vol  norizontal  alabiliid.  Un  dlspoiltlf  dqulvatent  se 
retrouve  aur  toute  U  gdndrttion  del  pllotea  automatlquei  modensea  Ion  de  I'enclenchement  dea  mextoa  supdrleura;  II  ae  retrouve 
dgalement  eoui  une  forme  de  conwili  deni  certaini  Indleneun  de  sortie  de  vrille  (e.g.  F14).  Cea  dlapositifa  ont  dvldemment 
(Inconvenient  d'lnterrompre  bruulemem  It  manoeuvre  el  d'titre  d'un  intdrtil  tactlque  diaculabie;  111  ne  aaunuent  rdsoudre  toua  lea  cai 
oh  le  pllote  pournlt  connaltre  dea  ddaorlentaticna  ipatialei.  D'une  certeine  fatjon  ce  type  de  aysttime  eal  une  gdndrallaallon  du  filet  de 
lauvegande  en  version  "tempi  de  paix"  qul  ne  u  trouverelt  plus  alnil  limitd  aux  iltuationi  de  panel  de  coniudsiance  mala  dtendu  aux 
situation!  do  pertea  de  cohdrence, 

(II)  L'optimliition  de  le  VTH  fait  l’objet  de  nombreux  tntvaux  aur  lea  symbologies:  depula  pluaieuri  anndei  Newman  prdconlae 
rutilliation  de  rtglea  d'ergonomle  gdndrale  malmenanl  blen  acceptdei  par  la  cornmunautd  iclentiflque:  utillaer  autant  que  possible  les 

symbologies  analoglques,  contrhler  la  densltd  de  aymboles,  etc;  plua  apdcillqucment,  on  rdltive  la  crdallon  de  symbologies 
ipdclflquei  pour  dvfter  la  ddacriemation  ipatiale  i  minl-boule  prdaentee  en  vision  centrale  aur  le  Rafale  Ion  dea  dvolutlons  rapldea, 
adaptation  de  aymbologlei  pour  le  vision  pereoentnde  (dlergiiiemenl  dea  aymbolea  eu  delti  de  2“ dexcenlrlclld  (Me  Naughton. 
19*4)),  etc.  A  ce  Jour,  queue  que  aolt  l'empleur  de  cat  trevaux,  Hi  ne  concentent  que  le  renforeement  de  le  pereeption  spatiale  en 
vtaion  centrale  et  leun  approchea  ne  peuvent  (tre  que  ponctuellei  puisqu'll  n'exlale  pu  de  mdtrique  de  I'orgenliation  dana  I'eapace  de 
la  stimulation  viauelle  (Duval-Deatln  dk  Menu,  Duvsl-Deslln  A  a  I ,  aoua  preiit);  or  comme  nous  I'avons  vu 
prteddemment,  I'orientatlon  ipatiale  depend  en  fait  plus  de  le  vision  pdrtphdrique. 

De  Iti  le  ddveloppemem  dautrea  aldea  aptidallieei  dana  ce  domalrte  el  Inddpendimea  de  la  VTH:  (horizon  de  Malcolm  (19*3) 
en  en  le  plue  connu.  II  e'lgtiiell  d'utiliier  It  viiion  ptirlphdrlque  pour  dtilecter  I  horizon  proleld  dans  l'ensemblc  du  cockpit. 
Toutefoii,  cette  tentative  n'a  pas  did  poureulvle  car  elle  n'dtalt  pas  parfaltement  ideptde  eux  caractdrlstlques  psychophyslologlques  de 
la  vision  pdrlphdrique  (Ugnee  trop  fines  pour  (tre  pervuei).  Depuls,  d  autrea  travaux  onl  tit  conduits  sur  I  optimisation  dcs 
symbologiea  ti  presenter  en  vision  pdrlphdrique;  lit  restent  toutefoii  du  domaine  du  labontlolre  car  111  nticeaaltent  le  ddveloppemenl  du 
procdddi  de  viauilliationi  tout  ti  fait  pinicuiien  (projection  sur  verrltire,  vliualiiationi  latdrales..)  et  non  mil  triads  tcchnologlqucmcnt 
dana  le  cadre  de  I'inldgntlon  aux  plinchei  de  bord  actualize, 


En  rdaumd,  si  Ton  conserve  lee  architectures  actuellei  des  planches  tie  bord,  lea  aides  ti  I'orientatlon  spatiale  ne  ae  llmiteni  plus  ti 
la  almple  optimisation  du  champ  el  de  la  aymbologie  de  la  VTH,  Biles  doivenl  concenter  le  erdation  de  symbologies  pdriphdriques 
evlonneblea.  Tout  reate  ti  faire  en  ce  domaine.  Dana  1'dlat  acluel  lea  efforia  rdallsds  en  vision  centrale  ne  som  pas  sufflaam  pour 
usurer  en  permanence  un  bonne  crienution  ipatiale. 

(Ill)  L'utillittion  de  vieeur-vleuel  de  caique  eal  une  solution  plus  ou  molnt  compltitemenl  alternative  aux  lystkmei  de 
vliualiiationi  ttitee  haute.  L'evantage  rdalde  dana  le  coupleee  et  l'eaiervliiement  dea  visualisations  eux  mouvementi  de  la  ttite  qul 
llbtra  le  pllote  doe  contntintee  de  Iramltioni  vliuellei;  sur  Te  plan  de  I'orientatlon  ipatiale,  ce  type  de  syilime  susclte  plutht  plus 
d'lnconvdmenu  que  lei  irchllecturei  classlques  de  plenche  de  bord:  couplage  dea  camdrai  (asierviaaement  entre  la  source  Image  et  sa 
restitution  :  ddphaugea  poulblei  entre  mouvementi  de  le  tile  et  mouvementa  des  Images),  conflits  d'horiton  (ddcouplage  entre  le 
pllote  qul  eat  llbre  de  la  direction  du  regard  et  ion  edronef  qul  lul  fDumlt  un  horizon  calculd  en  position  frontale),  absence  de  reptirea 
cablnea;  Papin  A  Menu  (1983)  evaient  monlrd  I*  ndceaaltd  de  rd-lntrodulre  dea  montanta  oe  cabine  dana  (image  dun  visual  de 
pilotage  d'hdllcopttire  pour  ivller  lei  ddsorlentations;  pour  lei  vlieuri  de  cesuue,  difficult  de  couplege  el  ((Integration  aux 
architecture)  cliaaiquea  ,  peitluulltiremenl  aux  VTH  (superposition  de  chimps  et  de  aymbologie,  d'ob  (Idee  Amdricaine  (Advanced 
Tectlcal  Fighter )  d'un  "low  level  HUD"  dont  le  champ  eat  rdduit  vertlcalement(lf)  , 

Enfln,  du  fait  qu'll  n'exljte  pu  encore  de  eyitimes  binoculalrei  opdretlonnela  (II  en  exlate  en  leboretolres)  on  eat  contrelM  dans 
cette  aolutlon  vlacur-vtiuel  de  casque  k  prdsenter  I'lnfotmedon  en  monoculalre.  Or  cea  aysltimea  monoculalrea  peuvenl  gdndrer  un 
conflit  aenaoriel  entre  les  images  prise  en  compte  per  chacun  des  deux  yeux. 


(JV  I  ft 


4-2- 1  -2  Action!  do  formation 

L'entrainemem  classique  au  vol  aux  instruments  reste  d'actualltd  et  dcmeure  une  des  habllctds  de  base  du  pilotage;  il  perd 
cepertdant  de  I'lmportance  avec  le  ddveloppement  des  VTH,  Les  formei  modemes  d'entrainement  pour  combaltre  la  ddsorientation 
spatiale  resident  pluifit  dans  I'udllsatlon  de  dlspositifi  llmltds  de  si  initiation  permettant  aux  pilotes  de  faire  I’expdrience  sur  commande 
de  certains  types  de  ddaorientstions,  sans  toutefols  pouvoir  se  rai  crocher  a  une  situation  opdrationnelle  concrt.e  (on  neutralise  lea 
feedback  lids  k  la  cortnaiasance  de  !a  situation  adronaudque),  C  cat  particuilirement  ie  cas  du  Gdndrateur  dlllusions  Sensorielles 
(OIS)  iniulld  en  France  au  Laboratolre  d'Gtudes  Mddlco  Physiologiques  de  Mom-deMarsan.  D'autres  syiidmcs  de  mime  ordre 
existent  depuis  plusleun  snndei  dans  dlfMrentes  anodes  de  l  air  des  pays  de  I'OTAN. 

D'autns  experiences,  plus  dlolgndet  de  la  rdalltd  joumalibre  du  vol,  ooncement  l'entninement  des  dlivea  ou  des  opdrateun  it 
mleux  conn  litre  leur  style  oognltif  (dependent  ou  Indd  pendant  du  ehimp  visual)  et  i  globtlement  mleux  interpreter  lea  sensations 
vleuellee.  Dee  experiences  de  ce  types  ont  die  condultes  en  milieu  scolein  avec  des  rriauitau  plulftt  comradlctolret  dans  de  notnbreux 
labontolns. 

4-2*2  Aldea  I  la  perception  de  la  eltuadon 
4-2-2*  1  Actions  au  niveau  des  tystimei 

D  s'aglt  id  de  fountlr  au  pilots  des  aides  k  Is  navigation  et  k  Involution  de  It  trsjectoire.  II  eet  cleir  que  I'introductlon  de 
csulographle  embaraude,  couplde  k  dee  centralee  k  Inertia  reprdiente  une  aide  majeure  en  ce  domalne. 

Pour  it  gesdon  k  court  Mime,  par  la  adlectlon  en  modee  autometlouee,  cel  technologies  permettent  eqjourd'hul  des  sulvit  de 
terrain  automadqurt  qui  paradoxalement  rdiolvent  lei  pnsblimea  de  locaiiiadon  gdographlque  aluri  qu'ili  gdnCrent  parfoie  des 
ddsorienudoni  spatlales  ou  plui  ettietement  dee  sensestfoni  de  malaise  ion  du  vol  luf-mlme  (ddcouplege  enm  la  loglque  et  lea 
rdacdonadea  automates  et  lee  proeddures  qu'aumlem  utilities  apoutandment  lei  pilotes  dane  lee  mimes  clrconetancee). 

Pour  I'endclpidon  k  long  terme,  lei  ayilimes  cencgraphlquei  ne  foumlsient  k  ce  Jour  que  des  Indices  k  partir  desquele  le  pllote 
dtahllt  sa  reprdientatlon  menlale;  des  progrts  sont  encore  altnndus  dans  la  vlsualisadon  del  ddplacemnnta  grace  k  I'lntmducdon  de  la 
trolslkme  dimension,  loll  par  rendu  de  llmage  2D  (perspeedvea,  ddgradds  de  couleur)  toil  par  rdellea  productions  d'images  3D 
(hologrephle,  ayitkme  de  reidtudon  blnocutaffe  de  la  viaion  du  relief  (type  PLZT)),  Dei  progtka  sont  dgalement  attendua  pourl'aide  k 
l'anticipatlon  sur  la  trqjectolre  en  dvoludon  raplde  ou  en  navlgadon  trts  btsase  altitude  :  on  cltera  lea  travaux  sur  la  symbologie  de 
guldage  "tunnel"  (k  la  Navy  Fllaraky  It  Ryan,  1983,  ou  en  France  lei  recheruhes  mends  eoua  contrtle  du  SITE  ,  contrat 
86,86028  )  en  VTH  ou  en  visualisation  tdtn-baeee, 

Dane  tout  lei  cu  la  prdparedon  de  la  minion  reste  une  phaie  contribuant  de  fagon  ddclslve  k  I'dvltement  de  disorientation  spatiale 
ou  de  problkmea  de  perception  de  iltuatloni  pendant  le  vol.  Lei  ayetkmee  d'aldee  k  la  prdparatlon  sont  done  des  aides  lndlrcctei  k 
l'oriemadon  spatiale  et  k  fa  perception  dea  aftuadons,  Les  systbmea  vlsualiiant  par  aimuladon  ce  qul  pourralt  (tie  la  eltuadon  en 
fonedon  du  plan  en  court  delaboradon  sont  de  prdcieuses  aldea  quasl-opdtadonnellee  (  NATO  VVG14,  Systems  concepts  for 
tactical  mlaalon  planning), 

4-2-2-2  Action!  de  formation 

L'entrainemem  en  iltnulaleur,  ptnlcullkremenl  I'utllisatlon  optlmaln  dee  ressources  du  cockpit  (symbologies,  modee  des 
visualisations,  entrainement  au  CRM(cockplt  resources  manegement)),  resle  un  dldment  incontoumable  de  la  comprehension  des 
seines  complexes.  11  reste  k  ddflnir  quel  type  de  itmulaieur  (fixe,  slmptlfld  (Bolt  dane  la  reproduction  de  la  cablne,  soil  dans  la 
reproduction  du  mouvement),  complet  avec  mouventent)  el  quel  type  de  programme  (acdnarlo  de  pannes..,  ou  missions  compl(tei) 
convienncnt  blen  k  oe  type  d’entrainement.  L'dtat  actuel  de  nos  oonnalssances  semhleralt  favoriser  (utilisation  de  ilmufateurs 
compleu  evec  ecdnarioa  de  missions  rdelles  puree  qu  its  sent  les  seuls  succepdbles  do  prdsenter  une  tdalltd  complexe  cohdrente;  malt 
lours  coAts  restent des  freins  k  leurs  ddveloppemenu  massifs , 


4-3  Aides  renforoant  la  petcepllon  de  la  situation  lactlque 
4-3-1  Actions  sur  les  systkmes 

D  n'exlste  pas  k  ce  Jour  dr  syatime  opdrationnel  de  visualisations  lacliques  en  unltd.  Aux  USA,  certainea  versions  davlon  de 
combat  amdricelni  torn  dqulpdea  k  litre  expdrlmental  d'une  visualisation  tetetique  2D,  posldonnde  en  tkte  moyenne,  non  collimatde, 
prdsentam  pour  un  champ  Umltd  le  bllan  dee  hostllei,  le  potendel  agresslf  des  ennemls,  el  le  potential  ddfeneif  de  1'avlon.  Ce  type  de 
vlsualisadon,  clblant  pardculUrement  les  conditions  de  combat  mullicibles  esl  dgalement  en  ddveloppement  au  niveau  de  la  simulation 
chex  plusleun  dquimendert  Fnuigals  et  dtrangers.  Les  progrts  se  rdallsent  tant  sur  le  plan  loglque  des  systimes  et  modiles  des 
intentions  dee  hostllei  prtients  dans  la  sekne  que  sur  le  plan  de  la  presentation  de  (Information  (Introduction  de  3D).  Tous  ces 
programmes  de  recherchea  appartlennent  plus  ou  molns  au  domalne  du  copllote  dlectronique  et  devnient  devenlr  opdradonnel  k 
I'horiion  2000, 

L'utIUutlon  de  1 1  audition  ou  de  le  stdrdolocallution  scousdque  constitue  une  eutre  aide  complimentalre  k  I  appreciation  de  la 
eltuadon  tacdque  (posldone  et  ddplacements  dee  hostllei),  De  nombreux  travaux  (Nalsh  (1989),  Pellleux  4  al  (1989),  etc) 
examlnent  cette  posalbllltd  de  mleux  gdrer  le  parage  de  ressources  intersensorieiles. 

4-3-2  Actlone  sur  la  formition 

Q  I'atit  Id  de  l'entrainemem  joumaller  dee  unitds  de  combat.  On  notera  dgelement  (importance  k  ce  niveau  utetique  des  aides  k  la 
preparation  de  million,  intdgrem  k  la  trqjectolre  les  paramitree  attend  us  de  la  situation  lactlque. 


CONCLUSIONS! 

La  priee  de  conedence  de  it  eltuadon  opdrndonnelle,  par  xa  nature  mtme,  va  blen  au  delk  des  classlquei  ddveloppemeRte  sur  la 
ddsorienudon  spatiale,  Alder  le  pllote  pour  lul  dvlter  les  ddsorienudoni  spatlales  ne  rfsoud  pas  la  comprehension  de  situations 
opdredonnelleii  la  nature  dea  problimes  est  dlffdrenle,  la  noture  dee  aides  eat  dgalement  dlffdreme  (entrainements  spdciflques,  aides 
vlsuelles,  copllote  dlectronique). 

Tout  nouveiu  progrts  requlert  le  ddveloppement  de  modilei  du  fonctlonnement  de  I'opdrateur  Intdgrunt  I’ensembte  de  ces 
dlffdrentes  norions.  II  requlert  dgalement  une  Intdgratlon  profonde  des  uldei  dans  I'archltecture  globule  curt  systime  d'arme,  les 
solutions  de  rejout  ayant  routes  momrdea  leurs  grandes  limitations. 

Dans  roue  les  cu,  la  fomurioti,  adaptde  aux  dllfdrenu  nlveaus  du  modile,  reste  un  dldment  cld  d'une  bonne  perception  lactlque  de 
1  onvlronncment. 
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I.  deBnltlnntal  and  mod. Hat  of  tactical  situation  avr.ronea. 

Future  combat  aircrafts  will  have  »  be  capable  of  (lying  anywhete,  anytime  and  to  engage  air-to-air  or  air-to-ground  attacks 
against  a  very  unfavorable  ratio  of  enemy  fbtcei,  It  la  of  clear  consequence  that  the  pilot'a  role  will  definitively  turn  to  supervisory 
control  and  medium  and  long  term  tactical  decision*  whereas  automatons  will  manage  engine  handling  and  short  term  activities.  In 
thla  regard,  and  becauie  the  machines  are  of  comparable  technology  In  various  countries,  the  quality  of  tactical  situation 
awareness  will  probably  largely  explain  the  within  pilou1  variation  or  performances. 

Thus,  one  of  the  moat  Important  effort  for  the  future  of  combil  abilities'  enhancement  will  be  to  favour  a  good  and  relevant 
tactical  situation  a, /arenas*  by  aeveral  muni  Including  cockpit  daslgn  and  training. A tlhough  a  very  large  amount  or  acientinc 
papen  deala  with  apadal  orientation,  very  few  papera  dealt  with  altuadon  awareneu  and  only  a  small  pan  or  scientific  papers  deals 
with  tactical  aspects  of  situation  awareneu.  Everything  goes  ns  If  "ipatlil  orientation''  waa  the  scientific  expreulon  of  "altuadon 
awareness"  and,  as  If  (he  term  "ticdoal  “was  of  no  importance. 

A  mere  analyiia  of  factors  Involved  In  these  concepts  demonstrates  alt  the  reduction!  im  of  this  position: 

Spatial  orientation  (SO)concemi  the  ability  to  poaldon  oneself  per  reference  to  upright  and  horiaontal  directions  as  defined 
by  the  earth  gravity,  Studies  in  this  Held  are  of  two  naiurea:  (1)  local  :  perception  and  psychophysics  with  special  emphasis  on 
vision  ind  vestibular  interactions,  (11)  global:  cognitive  style,  namely  the  perception  of  the  upright  and  the  concept  of  visual  field 
dependency.  Note  that  much  more  is  known  on  spatial  disorientation  (factors  involved  in...)  than  on  the  tunic  mechaniami  of 
spatial  orientation.  In  any  case,  model  of  apwlial  orientation  la  baaed  on  the  analysis  of  ■  given  state  of  the  environment  and,  thus 
cluaei  as  a  stale  model  (as  opposed  to  a  dynamic  model). 

Situation  awareness  (SA)leads  to  thu  ability  to  geographically  posldon  oneself  and  to  undentand  where  one  comes  from  and 
where  one  goes  10.  The  mental  model  of  process  Involved  in  this  activity  belongs  lo  a  class  of  dynamic  models.  It  Is  partially 
(ceded  by  the  history  of  passed  spatial  orientations,  When  the  process  model  flu  the  dau  as  picked  up  In  the  environment,  one  aay 
that  the  situation  Is  understood.  As  a  logical  feedback,  a  satlifaclory  situation  awareness  considerably  enhances  the 
pllou'capabllldes  to  analyse  their  spatial  orientation  and  thus  severely  diminishes  the  occurence  of  spatial  disorientation. 

Tactical  situation  awareness  fTSAkearis  lo  the  ability  lo  position  oneself  according  to  relative  references  (  friends  and 
enemies).  Once  again,  the  mental  model  of  expectation  which  has  to  be  developed  belongs  to  a  class  of  dynamic  models. 
However,  the  expectation  mode)  Is  not  closely  connected  to  the  two  previous  turns  (spatial  orientation  and  situation  awarenesa);  of 
coune,  some  dependencies  exist;  SO  and  SA  could  be  prerequisites  fur  a  powerful  TSA  but,  because  of  the  complete  changes  In 
inferences  (fixed  rclcieuces-earth  for  SO  end  SA,  not  fixed  refertnces-relativea  objeou  of  the  environment  for  TSA),  TSA  Is  not 
feeding  back  so  much  the  SO  ends  A  levels;  these  differences  are  of  large  consequence  for  the  design  of  the  aids  and  for  training 
Improvement; 

In  brief,  the  paper  presents  in  heuriidc  model  of  tactical  situation  awareness  with  relative  positions  of  spatial  orientation  , 
situation  awareness  and  tactical  situation  awareness  (table  1 ).  The  global  model  is  considered  as  a  two  stages  model  :  one  level  for 
SO  nnd  S  A,  and  one  for  TSA. 

The  complete  French  version  of  the  paper  details  the  mechanlsmi  and  concepts  involved  In  the  two  levels,  namely  vision  an 
vestibular  factors,  sensory  Interactions,  cognitive  style,  process  model,  expectation  model. 

The  last  part  of  the  paper  analyses  the  varinus  ways  of  aiding  the  pilots  in  tactical  situation  awareness. 

1-The  future  nf  tactical  situation  awarenai.  assistance 


The  architecture t^thejprevKis  elicited  model  clearly  distinguishes  two  level  of  action  for  aids  :  (l)re-lnforclng  the  eanh 
referencei  awareness  (SO  &  SA)  and  (II)  re-lnforcing  the  quality  of  the  expectation  model  which  Is  developed  according  lo  relative 
reference!  ( friend  dtenemies)  (TSA),  „ 

■(l)becsuie  of  the  feedback  mechanlms  between  S  A  and  SO,  a  satisfactory  understanding  of  the  scent-  must  keep  off  most  or 
spatial  disorientations.  Thus,  maximum  ((Torts  have  to  be  done  to  enhance  the  general  understanding  of  the  situation  rather  than 
factual  asslrtarce  to  spatial  orientation.  Exception  could  be  observed  during  poorly  anticipated  air-to-air  manocuvers  in  which  the 
assistance  could  focua  on  putattual  indication  of  spatial  orientation  In  older  to  recover  as  soon  is  possible  a  general  understanding 
of  the  tritioctory, 

-(illtactlcal  altuadon  assistance  cannot  use  the  same  aids  aa  were  previously  defined  and  needs  the  introduction  of  new 
concepts  like  this  of  pilot's  asslstsnt.  Because  of  the  non-communallty  between  the  two  levels  (SO&SA  /  TSA),  the  aids  hsve  to 
operate  in  parallel  and  this  point  questions  the  Integration  of  complex  assistance  Into  new  cockpits  which  Is  for  from  being  trivial 
(mainly  becauie  of  the  additional  man-machine  dialogue  generated  by  the  aids  whereas  human  resources  remain  constant) 

Anyway,  assistance  cannot  be  reduced  to  hardware  and  sofware  Improvements;  It  must  be  pari  of  pilots1  training. 

These  preliminary  note*  organise  the  plan  of  the  paper 


1.2  quittance  tn  apatial  orientation 

2-2-1  hardware  A  software  aids:  the  current  Instrument  panel  architecture  ,  namely  with  the  Introduction  of  HUDs, 
allows  the  pilot  to  remain  in  the  loop  although  performances  are  always  Increasing  (g,  speed):  HlID  definitively  contributes  to 
keep  the  pilot's  gaze  outside  of  the  copckplt.  HUDa  enhance  this  combat  capabilities  because  they  favour  the  elaboration  a  better 
expectation  model  of  enemies.  Verlous  solutions  of  hardware  and  software  based  aaslitance  are  proposed: 

-the  first  femlly  of  solutions  could  consist  In  automatons  capable  of  merely  getting  back  to  a  safe  and  flat  position  on  pilots 
outers,  Although  these  automatons  could  save  the  pilot  from  very  confuse  posldons,  they  are  not  good  tactical  tools,  on  the 
contrary  I . 

■enhancement  of  HUD  Is  probably  more  efficient  to  preserve  tactics,  For  many  yean,  considerable  efforts  have  concerned 
the  design  of  symbologies  In  order  lo  prevent  spetial  disorientation  induced  by  HUDt  (Newman,  Santucci  &  al);  special  attention 
has  been  paid  to  the  slse  of  symbologies  presented  in  the  peripheral  field  of  HUD  (the  more  the  excentriclty,  the  larger  the  size 
because  of  the  ability  of  the  human  viilon-McNiughton),  new  symbol  ogles  have  also  been  insetted  during  air-to-air  manoeuvere 
(namely  on  the  Rafale-plane,  a  mini  spheric  indicator  has  been  inserted  In  ihe  HUD), 

whatever  the  efforts,  they  remain  limited  to  central  vision  and  near  central  vision  (the  field  of  a  current  HUD  is  leu  than 
30^;  here  is  a  paradox  if  one  reminds  (hit  spatial  orientation  is  mainly  under  the  dependence  of  peripheral  vision.  Note  also,  even 
for  central  vision,  the  ebsence  of  a  good  measurement  for  judging  tite  spatial  organisation  of  visual  stimuli  is  s  large  handicap  . 
Our  lab  develop  new  concepts  for  such  a  measurement  (Duval-Destin  &  Menu). 
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Because  of  the  previously  mentioned  limitations  of  HUDs,  other  efforts  have  been  paid  out  of  the  comeat  of  HUDat  at  this 
time  the  best  known  is  the  Malcolm 's  horizon  (estension  of  the  horizon  projected  In  the  canopy  was  Inserted  In  the  peripheral  field 
of  view ) .  Unfortunately,  this  tentative  failed  because  of  the  inadequation  to  peripheral  vicon  capabilities  (too  dry  line  of  horizon). 
Since  this  dme,  many  studies  have  been  conducted  in  order  to  develop  specific  symbologies  to  be  Insencd  In  periphery  of  the 
canopy;  unfortunately  again,  up  to  this  date,  they  did  not  succeed  because  of  the  technological  difficulties  to  mix  them  with  actual 
instrument  panel  'architectures. 

•as  an  alternative  to  current  Instrument-panels,  helmet  mounted  display  offers  new  solutions  to  facilitate  data  pick-up  anti 
tactical  awareness  whatever  the  direction  of  apace  which  la  to  be  monitored,  But,  for  apattal  orientation  ,  helmet  mounted  display 
are  rather  worse  than  daislc  Instrument  panels  because  they  Include  several  possible  gaps :  horizon  i  jnfllcts  (the  pilot  it  free  Irom 
what  he  looks  at  but  the  horizon  Is  always  defined  as  in  reference  to  front  plane  eitlmadon),  lack  of  cabin  marks  (Papin  A  Menu 
had  evidenced  for  helicopter  pilots  that  the  canopy  columns  was  to  be  re-inserted  In  the  field  of  view  of  the  helmet  display  In  order 
to  prevent  spadel  disorientation),  symbologies  super-impoaldons  (between  the  HUD  and  the  helmet  display:  some  significant 
effort  has  been  ptid  in  the  US  to  solve  this  problem  by  defining  low  level  HUDt).  Finely,  a  last  gap  of  actual  helmet  mounted 
display  la  monocolar  technology  which  cut  generate  adtudonnri  conflicts. 


2-2-2  training  actions:  the  head  down  classic  instrumental  flying  training  remains  of  interest  as  a  basic  flying  ability 
In  spile  of  Its  being  progressively  replaced  by  new  concepts  of  flying,  namely  the  use  of  HUD  and  the"  eye  out  of  the  canopy'1 
concepts.  Modern  training  actions  mostly  consist  in  the  use  of  specific  simulators  (Illusions  siulitara)  in  order  to  lei  the  pilots 
experience  desorientadon  out  of  the  contest  of  s  task  (and  thus  out  of  the  poielbillty  to  use  the  feedback  of  scene  understanding). 
The  OIS  located  In  the  LEMPs  lab  (Mont  de  Martan)  Is  a  good  example  of  such  simulator.  Numerous  other  examples  are  given 
by  aitnilar  systems  In  (he  Allied  Forces 

Other  complementary  training  can  be  envisaged  according  to  the  cognitive  style  of  the  pilots.  Il  has  been  attempted  with  a 
sadafactcry  succeaa  to  train  posple,  namely  atudenta,  to  uie  a  different  cognitive  style  than  they  use  spontaneously  in  order  to 
improve  theb  fit  to  situations.  Some  of  these  applications  concern  aerospaoe  training  out  they  are  difficult  to  apply  because  of  the 
lack  of  proficient  psychologist!  Instructors . 


2-1  assistance  to  situation  awareness 

2-3-1  hardware  and  aoftware  aids:  Hardware  and  sofware  assistance  to  situation  awareness  could  result  In 
Improving  navigation  displays  and  underlying  technologies  (inertial  units  and  navlgitioni  automatons), 

Current  navigation  automatons  are  now  capable  to  operate  a  low-level  high-speed  mission  according  to  the  fliuhtplan  (e.g. 
Mirage  2000  N).  Such  tyuetna  have  opened  new  domains  of  flight  performances,  Nevertheless,  they  are  an  additive  factor  to 
spatial  disorientation  because  the  pilot  remains  out  of  the  loop;  moreover,  because  of  the  logic  of  flight  they  use,  they  leave  the 
pilot  unaware.  Strong  Improvement!  are  expected  with  more  pilot-like  Ityle  of  programming  for  the  future  of  navigetlon 
eutomatoni  (Amalberti  A  al,  1987,1989). 

Another  wty  to  aid  the  pilot  in  navigation  and  situation  awareness  Is  obviously  to  display  an  operative  representation  of  the 
outside  world.  Thli  representation  could  help  the  pilot  aa  much  for  anticipating  the  automaton  reactions  when  he  flies  in  an 
automatic  mode  as  for  elaborating  the  fUlure  of  the  mute  and  the  needed  lactieal  dlversloni  when  he  fliei  manuoly.  At  the  time 
being,  2D  realtime  representations  of  the  outxlde  world  become  available,  They  could  largely  Improve  with  the  Introduction  of  3D 
vision  either  by  the  better  use  of  several  surface  features  of  Images  (color  gradation,  perspectives,  tunnal  symbologies,  elc)  and/or 
by  the  Introduction  of  holographies  techniques,  virtual  image  or  PLZT  goggles, 

Whatever  the  innrument  panel  improvement,  Improvement!  In  mission  preparation  are  also  of  great  Interest  In  diminishing 
the  occurence  of  apatial  disorientation;  namely,  the  million  rehearsal  before  flying  Is  expected  <o  considerably  enhance  pilot's 
situation  awarenesa  during  several  key  phases  of  the  million  (considerable  efforn  are  given  lo  this  perspective  ,  namely  with  the 
on  going  NATO  program  (Nato  WQ13,  systems  concepa  for  lactieal  million  planning), 


2-3-2  Training  improvement!  ;  the  use  of  flight  aimulation  becomes  an  Inescapable  tool  for  Improving  situation  awareness, 
The  questions  are  still  to  define  (l)what  kind  or  simulators  haa  lo  be  used  according  to  their  reipectivei  advantages  and 
disadvantages  (tactical  simplified  simulator,  fixed  almulaton,  interactive  simulators,  full  flight,  etc)  and  (11)  what  kind  of  training 
program  haa  lo  be  used  :  Incidental  aituitiona,  failures,  alr-to  air  ccmbai,  complete  mission,  etc,  Actual  Mining  renulls  clearly 
demonstrate  the  greater  value  of  line  oriented  flight  training  end  complete  cockpit  reeouroe  management  (executing  complete 
mleaion)  rather  than  elmulating  Isolated  failures  or  liolued  air-to-air  combat  (because  e  complete  coherent  minion  provides  the 
pilot  with  a  strong  flight  oontext  which  can  largely  feed  back  and  modify  the  local  tactics  as  learned  In  very  limited  combat 
simulations  or  In  coping  with  punctual  failures) 


2-4  tactical  slm^Hnn  iwimnaia  assistance  ;  At  the  time  being,  there  II  not  existing  operational  tactical  dieplay.  However, 
■even!  versions  of  tactical  displays  are  tested  on  flight  (US  AlrForce) ;  they  lake  stock  of  the  enemies  and  of  die  mends  and  they 
suggest  weapon  engagement, 

Three  D  tactical  displays  could  be  operative  for  the  next  generation  of  uombet  airplen;  someodvanoed  studies  are  engage  for 
the  Rafale-plane  In  order  to  operational  define  the  requirement!  of  I  3D  representations  of  outside  world:  should  It  be  displayed 
In  the  HUD  (probably  no),  or  the  head  level  display  (probably  yea).  Several  other  aspects  of  thli  3D  representation  still  question 
the  eclentiet,  namely  (I)  the  angle  and  the  point  of  view  of  the  3D  vlalon  (il)  the  principle  of  image  coupling  according  to  plane 
motion ,  (ill)  die  level  of  detalle  to  be  displayed,  (till)  the  fidelity  of  data  according  to  real  world,  etc.  Anywev,  such  a  3D  display 
will  be  hilly  compatible  with  additional  representations  u  threats  and  tactical  notes  and  will  probably  definitively  enhance  situation 
awareness, 

The  use  Df  stereo-acoustic  sounds  lo  detect  the  enemies'  position  is  alio  very  promising  because  of  the  better  use  of  human 
resources  (Naleh,  Pellieux  A  al) 

As  it  was  for  situation  awareness,  end  whatever  the  technical  Improvements,  daily  operations!  training,  namely  training 
using  realiitic  simulation  of  lactic  tnmei.wUl  be  uneecepable  conditions  or  suuceii, 

Tsctfcaf  situation  awarenesa  is  far  from  being  limited  lo  ipatial  orientation.  Numerous  studies  hive  been  devoted  to  enhance 

rtial  orientation  and  actual  etnte  the  art  confirm  the  elinlfloative  progress  done  on  this  topic.  But,  is  e  paradox  end  because  of 
Increasing  capebiiluee  of  automation  in  handling  the  lughl,  punctual  spatial  dilorientattoni  of  the  pilot  will  probably  be  of  leu 
dramatic  consequence  in  the  future  ;  inveraely,  the  key  problem  will  be  more  and  more  lo  enhance  the  understandablllty  of  the 
outride  world  (situation  awareness)  In  os  ler  to  plan  medium  and  long  term  alternatives  (tactics)  rather  than  immediate  reactions.  In 
this  regard,  changes  In  the  pilot  talk  challenge  the  future  of  tactical  situation  ewareneei  iiilitsnce.  Because  of  the  new  niture  of 
problems,  new  tide  have  to  be  developed;  the  process  It  already  on  progreai, 

Note  alio  that  any  new  rignlflcanl  progress  requires  to  re-envisage  the  whole  Interface  In  order  lo  correctly  Intonate  the  rids. 
No  definitive  progress  con  be  done  only  with  corrective  ergonomics. Whatever  the  technological  progress,  training  must  be 
considered  oe  one  of  the  key  point  far  the  enhancement  of  teederi  iltuadon  swore  ness  and  must  take  Into  account  the  new  tools 
and  new  concepts  of  training. 
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SUMMARY 

Controlled  flight  Into  terruln  caused  several  uccldeots  within  the  Royal  Netherlands  Airforce, 

209  RNLAF  fighter  pilots  (NFS  und  E16)  were  Interviewed  to  obtain  Information  about  the  occurrence 
of  spatial  disorientation  In  flight. 

Of  euclt  pilot  the  Incident,  which  left  the  greatest  impression,  was  unalysed.  .14%  of  those  Incidents  Is 
considered  by  the  uvlatots  as  a  very  serious  risk  for  flight  safety. 

The  Incidents  are  caused  by  a  combination  of  factors,  of  which  weather  conditions,  psychological  factors 
und  visual  reference  are  the  most  Important. 

Vlsuul  and  vestibular  Illusions  arc  common,  as  well  us  certain  psychological  conditions  which  lend  to  tt 
wrong  perception  of  position  or  motion.  The  aspects  of  the  sensutlon  of  disorientation  urc  described  In 
detail. 

All  pilots  have  experienced  ("'orientation  In  some  way  und  26  %  report  that  It  lias  caused  one  or  more 
narrow  escapes, 

7.1%  of  the  pilots  report  u  greutcr  susceptibility  for  disorientation  In  the  Flft,  compared  with  other  types 
of  aircraft, 

Suggestions  for  prevention  of  disorientation  accidents  arc  given. 


INTRODUCTION 

Although  much  research  Itus  been  done  In  the  field  of  spatial  disorientation  records  showed  no  decrease 
In  disorientation  related  accidents  due  to  that  cause, 

After  the  Introduction  of  the  FI6  "Fighting  Falcon"  In  the  Hoyul  Netherlands  Airforce  IN  aircraft  were 
lost  In  the  It)  ycurs  of  operational  use,  Seven  of  those  accidents  were  most  probably  due  to  pilot* 
disorientation. 

In  the  USAI  2.1%  of  the  ulrcrnfl  losses  and  2/1  of  the  fatalities  Is  caused  by  disorientation,  and  although 
the  ITS  appears  to  have  a  very  good  surety  record,  controlled  flight  Into  terrain  continues  to  he  a  big 
problem.  (McCarthy), 

The  Flo  has  good  characteristics  for  ulrcomhut  In  clear  daylight  conditions,  but  hi  hud  weather,  at  night 
and  during  high  workload,  some  advantages  become  disadvantages. 


METHOD 

The  objectives  of  the  survey  were  to  make  ait  inventory  of  the  problem  und  detection  of  the  annul 
factors  and  circumstances  of  the  Incidents. 

All  uvluluhle  pilots,  209,  were  Interviewed,  uf  which  146  flew  the  Flo  und  6.1  the  NFS.  T  his  is  a  suhstiiiiilul 
und  representative  sample  of  the  fighter  pilot  population. 

The  method  of  personal  Interviews  wus  chosen  because  of  the  udvutltuge  of  u  better  response,  und  the 
possibility  of  detailed  uuestlonlng, 

During  llio  Interviews  the  pilots  were  asked  to  describe  their  most  Impressive  dlsorlcntullon  Incident  wlllt 
us  many  detulls  us  they  remembered.  Subsequently  the  whole  Incident  wus  analysed  with  it  questionnaire, 
which  consisted  of  detailed,  culegorlzed  lists  of  possible  causal  factors.  Furthermore  the  gcncrul  Incidence, 
susceptibility  In  the  FI6  und  suggestions  for  prevenllon  were  subject  of  the  Interview.  Anotilmlly  wus 
assured. 


RESULTS 

The  age  of  the  subjects  ranged  from  21  till  5.1  yeurs  and  the  esperlenee  level  ranged  from  beginning 
student  pilots  to  Instructor  pilots  with  1200  hrs  on  the  type  aircraft. 

To  Illustrate  the  problem  two  examples  of  Incidents  will  lie  llterully  presented. 


The  first  Incident  occurred  to  u  26  year  old  pilot  with  5th)  hrs  on  the  F16  und  u  prund  total  of  1050  hrs. 
"I  mat  flying  through  scattered  cl,  .mis  at  12(11)  ft  during  a  dark  night  approach  under  Immanent  Meteorological 
Conditions  (IMC).  When  the  plane  got  free  of  the  clouds  my  attention  teas  strongly  attracted  hy  an  illuminated 
road  that  ran  at  a  strange  angle  to  the  aircraft. 

Iteeaa.se  I  was  looking  through  my  Head  Up  llisfdrty,  my  whole  peripheral  visual  field  was  filled  ss'itli  this 
line,  which  acted  as  a  false  horizon. 

Hie  illusion  that  I  was  flying  with  much  hank  and  pitch  was  so  strong ,  that  I  got  seared  and  broke  off  the 
uppmuch.  This  happened  a  .second  lime,  before  I  managed  to  get  hold  of  myself  und  could  land  safely." 

In  this  Incident  weedier,  ground  und  cockpit  design  factors  pluyed  a  role. 

The  second  Incident  huppened  to  two  pilots  ut  the  same  lime,  one  of  which  wus  a  45  year  old  instructor- 
pilot  In  the  backseat  with  4.100  hrs  flying  time,  of  which  .11X1  In  the  F1A. 

"During  an  Intercept  between  two  cloudiayers,  we  overshot  the  target  plane.  To  gel  Into  on  advantageous 
position,  we  made  a  climbing  turn  und  entered  the  top  layer.  Became  we  expected  in  come  om  again  tiny 
minute,  we  kept  looking  outside. 

Ii  took  some  time,  hut  I  didn’t  look  at  ihe  Instalments  because  h  war  all  routine. 

After  a  wlti^e  I  suggested  lo  bleak  off  und  set  up  a  new  Intercept,  and  when  we  came  clear  of  the  clouds, 
under  a  W  angle,  we.  were  looking  at  Ihe  radar  to  find  Ihe  target, 

Then  I  fell  that  something  was  wrong.  The  sky  was  rather  dark  and  Ihe  while  spots  turned  ml  to  he  wave 
tops.  The  sensation  of  climbing  up  out  of  the  top  cloud  layer  was  .soon  changed  far  ihe  reality  of  a  90*  dive. 
We  palled  VC,  in  recover  at  an  alllhnle  of  a  10011  ft," 

The  two  cloud  luycrs  hud  merged  und  because  of  the  somafogravlc  Illusion,  they  didn't  feel  dial  their 
climbing  turn  hud  become  u  coordinated  loop. 

All  ihe  Incidents  cun  he  categorized  us  type  II  disorientation,  the  recognized  type. 

Type  I,  the  unrecognized  type  and,  often  filial,  cause  of  controlled  flight  Into  terrain,  cannot  he  Investigated 
hy  means  of  an  Interview,  ForUimtlely,  many  of  die  type  I  disorientation  changed  In  lime  In  type  II  to 
uvold  an  accident. 

Circumstances  und  cuusul  fttciors 

The  most  Impressive  Incidents  were  analysed  In  delull.  'Hie  categories  of  factors  Usui  contributed  Ihe  most 
to  the  problem  were  weather  conditions,  psychological  factors  und  the  vlsuul  references  (fig, I),  In  many 
Incidents,  ll  wus  u  combination  of  factors,  dtui  made  It  possible  for  the  dlsorlcntullim  to  evolve. 

Fuctors  like  cockpit  luyout  und  airplane  characteristics  scored  substantially  higher  In  the  F'Hi  Incidents  than 
In  the  NF5  Incidents, 

The  flying,  experience  of  the  avltitor  played  only  u  minor  role  In  most  cases.  Pilots  of  all  ages  and  nil 
esperclence  levels  experienced  disorientation.  In  those  Incidents,  where  experience  played  it  role,  some 
younger,  unexperienced  pilots  hud  difficulties  with  the  vust  amount  of  possibilities  In  the  plane  or  didn't 
know  Its  limits  very  well.  This  caused  distraction  und  high  workloud.  However,  some  experienced  pilots 
Imd  overconfidence, 

Student  pilots  us  well  us  flight  leaders,  commanders  and  Instructor  pilots  got  disorientated, 

Musi  pilots  hud  uu  operational  stutiis.  Those  who  flew  after  u  long  period  of  mm-dylng  somcllinos 
encountered  trouble.  This  occurred  utso  during  (he  first  night  flying  trip  ufter  u  summer  period, 

The  luneilun  during  the  mission  played  a  role  when  ll  wus  a  "close  formation"  sltuution.  lispccltilly  student 
pilots,  who  often  fly  us  wingmun,  hud  problems  with  the  "leans",  A  climb  out,  with  the  radar  locked  on 
the  louder,  wus  u  rcuson  for  overcimcenlrutlon  on  the  radar  screen  In  u  few  cases.  The  absent  Instrument 
crosscheck  prevented  detecting  u  descending  fllghtputh,  wh|l-  pllcliup  wus  fell  because  of  Ihe  sonmtogrovlc 
Illusion, 

I4IM  minute  changes  In  Ihe  pLuuullig  mill  "hoi  scrambles'  caused  high  workload  and  wrong  priority  setting 
III  some  cases  and  gave  dlsorlenlullon  a  chance.  And  nncleur  prcfllghl  Inklings  brought  pilots  In 
unexpected  situations,  which  led  lo  extra  workload. 

The  day  of  the  week  un  lime  of  day  pluyed  no  clettr  role  in  causing  Ihe  disorientation, 

lilJgJlUiuiS  wus  slightly  more  linpurtum.  Fullguc  ufter  a  long  flight  nr  rapid  changes  right  lifter  take  off 
contributed  >o  the  disorientation. 

65%  of  the  Incidents  occurred  under  ICIz.  conditions.  In  those  Incidents  were  (Iz  pluyed  u  role,  high  Cl- 
forces  or  negative  Clz  were  Involved  und  caused  distraction  or  vestibular  Illusions. 

In  H,1%  of  the  FUi  Incidents  und  6.1%  of  the  NFS  Incidents  visual  reference  pluyed  ail  Important  role, 
i  specially  looking  through  the  Head  Up  Display  (HUI)),wlch  22%  of  Ihe  FI 6  pilots  did  at  the  moment 
of  the  Incident,  cuused  disorientation.  This  due  lo  the  pool  horizon  Indlculltm,  the  rapid  changing  digital 
numbers  und  Ihe  peripheral  visual  Influence.  Ovcrcnncenlrutlon  on  the  radar  wus  also  a  reason  for  puylng 
less  utlcnllon  to  the  primuty  flight  Instruments  (PFI), 

3>)%  of  the  NF5  pilots  und  47%  of  the  FI6  pilots  mentioned,  tltuf  the  fact  they  were  looking  outside  for 
sometime,  was  u  major  cuuse  for  the  dlsorlentutlon  incident.  This  occurred  In  close  range  ulrcombal, 
during  flying  "on  Ihe  wing"  and  while  sluylng  vlsuul  In  the  clouds  or  without  u  well  defined  horizon. 
Constant  diversion  of  attention  to  the  outside  world,  radio,  HUD,  radar  and  the  PI-1  ulso  evoked 
dlsorlentutlon  (fig.  2). 
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The  lusk  wus  of  great  importance  in  causing  disorientation,  Especially  aircotnhat  was  a  factor  (24%  FI  6, 
11%  NF5).  Eagerness  to  win  led  to  fixation  on  the  targetplane  and  a  wrong  priority  setting,  The  rapid  (iz- 
onset  and  overload  because  of  inexperience  were  often  reasons  for  this  significance. 

Aerobatic  aircraft  manoeuvres  during  bomhlngtrips  made  the  pilots  susceptible  for  vestibular  illusions, 

Night  missions  were  dangerous,  because  of  the  confuting  lights,  that  gave  visual  Illusions, 

Formation  flying  often  caused  the  "leans",  while  weapon  exercises  sometimes  led  to  target  flxutlon  (fig.  3). 

The  flown  profile  was  of  importance,  when  the  pilot  had  to  make  many  manoeuvres  and  hud  no  time 
for  a  crosscheck,  while  he  was  influenced  by  confusing  vestibular  Inpul.  Turning  the  head  during  such 
profiles  aggravated  the  problems. 

The  manoeuvre  at  (he  moment  of  disorientation  was  also  mentioned  as  contributing  factor,  Climbing 
caused  "pressure  vertigo"  and  the  take  off  with  after  burner  caused  pitch  up  sensations,  long  turns  nr 
subthreshold  turns  were  cause  of  many  sensations  also,  like  the  "leans"  and  the  sensation  of  climbing  In 
a  turn  (fig.  4), 

70%  of  the  F16  and  K4%  of  the  NFS  Incidents  occurred  during  day  time,  57%  and  70%  respectively 
occurred  under  visual  meteorological  conditions  (VMC), 

The  weather  conditions  formed  the  most  Important  group  of  causal  fuclors,  Weather  conditions  were 
Involved  in  79%  of  the  NFS  Incidents  and  88%  of  the  Fib  Incidents  It  played  a  role.  Especially  flying 
under  Instrumental  Meteorologlcul  Conditions  (IMC)  wus  disorientating. 

Sudden  entry  in  IMC  caused  u  "lost  horizon"  sensation  und  was  confusing,  us  well  us  flying  through 
scattered  clouds.  The  pilot  can  ulso  loose  his  correct  Idea  of  the  horizon  when  flying  In  u  "fish  howl", 
caused  by  cirrus  clouds  (hat  give  a  total  white  surrounding  with  an  otherwise  good  view. 

Night  flying  sometimes  caused  star-graundllght  conflicts  or  "black  hole"  approaches.  A  hu/y  luyer  or  a  grey 
mix  of  low  clouds  and  sea  surface  deprived  the  pilot  of  a  horizon  also  und  gave  wuy  to  illusions  (fig.  5), 

The  various  gmundfacinrs  that  played  a  role  In  causing  visual  Illusions  (Fib  34%,  NFS  .32%)  were  flying 
over  open  sea,  which  caused  u  false  perception  of  height,  flying  over  a  dark  terrain  with  few  ground  lights, 
which  caused  u  star-groundllghl  conflict  und  lllumlnuled  roads  or  dikes,  which  gave  false  horizons.  Climbing 
terruln  was  mentioned  as  an  Important  groundfuctor  also,  it  was  detected  late  In  some  cases. 

Problems  cuused  by  Interaction  with  other  airplanes  (FIS  55%,  NFS  4S%)  occurred  especially  during 
alrcombut  ("loss  of  situational  uwareness")  und  flying  on  the  wing  ("leuns").  Wurnlngs  from  the  gn  uml;  or 
other  ulrcrufts  rudur  during  Intercepts,  cuused  problems  because  of  distraction  und  coning  of  attention 
(tig.  6). 

The  aircraft  Itself  was  the  source  of  several  disorientating  factors,  In  50%  of  the  FW>  Incidents  this  played 
a  role,  compared  with  9%  of  the  NFS  Incidents. 

Lack  of  speed  sensation,  rapid  acceleration  und  high  munneuvrehility  were  Ihe  most  ililporluiU  fuclors.  The 
moving  landing  lights  can  be  disorientating  when  Ihe  landing  gear  comes  down.  They  reflect  on  the  clouds 
during  a  night  approach  (flg.7). 

In  the  NFS  It  was  mostly  ulrcruft  malfunctions  that  wete  disturbing. 

Another  difference  between  Fib  and  NFS  wus  found  In  ihe  role  the  cockpit  layout  pluyeii,  54%  to  12%, 
The  high  sitting  position  of  the  pilot,  the  frameless  bubble  canopy,  Ihe  low  cunopy  edge,  luck  of  airplane 
reference  und  a  large  peripherul  visual  field  were  the  causal  fuctors. 

Moving,  colourful  reflections  of  the  Instrument  lights,  or  of  bright  sunlight,  In  the  cunopy  cuused  Ihe  "Star 
Wars"  effect,  which  Induced  distraction,  Irritation  and  vection  Illusions,  us  well  us  a  diminished  visibility. 
The  Instrument  location  and  the  small  Fib  instruments  were  also  factors  that  played  a  role, 
Characteristics  of  the  Head  Up  Display  played  a  role  In  causing  u  dlsorlenlallon  Incident.  The  small  size 
and  Ihe  Interpretation  of  Ihe  digital  speed  and  altitude  Indication  ladders  were  u  problem,  as  wus  Ihe 
horizon  Indication  (fig.  8), 

Physical  factors  Involved  were:  Head  movements  In  turns,  which  caused  G  excess  and  Coriolis  effects, 
“Grey  outs",  because  of  high  Gz-turns.  Rhinitis,  thai  led  lo  pressure  vertigo.  Illness  because  of  fullgue  or 
alcohol.  These  fuctors  played  a  role  In  29%  of  Ihe  Fib  Incidents  and  27%  of  the  NFS  Incidents. 

Psychological  factors  played  u  substantial  role  (Fib  86%,  NFS  88%). 

Overconfidence  was  a  factor,  both  before  and  Inflight,  During  flight  common  factors  were:  luck  of  vlglluncc 
and  risk  awareness,  early  relaxation  after  a  target  and  a  false  sensation  of  safety,  the  'flying  carpet" 
fenomenon.  A  high  workload  did  lead  to  channelized  ulteMiun,  distraction,  preoccupation  with  one  task 
und  fisksuturuilon.  This  gave  Illusions  a  chance.  Target  hypnosis  occured  more  in  young  pilots  because 
they  wanted  to  perform  nptlmal  (fig.  9). 

Syatemfactors  were  less  important  (Fib  77%,  NF5  1S%),  Changing  frequences  during  stressfull  periods  und 
busy  radio  communication  led  In  distraction. 

Flight  rules  played  u  role  In  84%  of  the  Fib  Incidents  and  76%  of  the  NF5  Incident. 

The  main  factor  that  was  lndlculed  to  cause  the  Incident  was  the  luck  of  instrument  crosscheck.  Incomplete 
crosschecks  and  maintaining  VFR  under  IMC  were  also  a  problem.  And  there  were  severul  pilots  who 
disregarded  procedures  oi  broke  rules.  Poor  lookout  and  heaumovements  during  turns  were  alsu  mentioned 
(fig,  10). 
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Of  all  the  specific  causes  the  most  important  was  the  fact,  that  the  aviators  had  no  attention  for  the 
instruments.  Othet  closely  relates!  factors  were  looking  our  for  too  long,  flying  under  1MC,  and  having  too 
much  attention  for  the  target  plane  during  ulrcombat.  A  complete,  frequent  and  conscious  crosscheck  Is 
missing  in  muny  cases,  (fig.  1 1). 

In  muny  cases  it  complete,  frequent  and  ennsious  crosscheck  is  lacking. 

Illusions 

The  sensations  experienced  by  the  aviators  are  categorized  in  5  groups: 

Visual  Illusions  :  A.  focal  vision 

B.  peripheral  vision 

Vestlbulur  Illusions  :  C.  semicircular  ducts 

D.  otolith  organs 

Other  phenomena  :  E.  mental  states 

In  the  latter  case  there  was  no  clear  sensory  Illusion,  but  a  lack  of  mental  control  over  the  whole  situation 
which  guve  the  pilot  a  false  Idea  of  the  correct  position.  Often  several  Illusions  occured  at  the  same  time, 
Illustrated  by  the  Incident  of  a  pilot  during  air  refueling  at  night:  The  constant  turn  gave  him  the  "leans", 
all  the  lights  caused  a  star-ground  light  conflict,  the  anti  colllslonllghts  caused  "flicker  vertigo"  and  a  closely 
overflying  airliner,  with  Illuminated  windows,  attracted  him  so  much  that  a  vectlon  Illusion  resulted  (fig.  12 
and  13). 

The  most  common  Illusions  of  the  focal  vision  were  a  false  perception  of  height,  absense  of  adequate 
visual  stimuli  and  the  star-groundllght  conflict. 

Low  level  flying  over  smooth  water  surfaces,  deserts,  snow  covered  landscapes  or  climbing  terruln  were 
major  causal  factors  for  u  false  perception  of  height.  This  occurred  to  6%  of  the  FI6  und  9%  of  the  NFS 
pilots.  In  combination  with  distraction  this  led  to  near  disasters. 

Ao  example  of  absense  of  udequute  visual  stimuli  (6  and  2%)  Is  the  aviator  who  was  topping  fleecy  clouds 
at  night  und  discovered  only  just  In  time  that  the  next  cloud  was  a  xnowcovered  hill  lop,  Loss  of  detail 

causes  wrong  Interpretation  of  distance,  shupe  and  speed. 

The  stur-groundllght  conflict  In  5%  of  the  F16  Incidents,  was  caused  by  flying  vtsuul  over  u  dark  terruln 
or  seu  with  some  light  spots.  The  real  horizon  was  sometimes  hard  to  find. 

The  difference  In  peripheral  visual  Illusions  between  F16  (37%)  and  NFS  (20%)  might  be  due  to  the 
high  sitting  position  of  the  Fib  aviator  under  the  frameless  bubble  canopy. 

The  “lost  horizon"  (13  and  4%)  was  often  the  result  of  sudden  entry  In  the  clouds  while  the  pilot  flew 
visuul  or  was  busy  with  demunding  mission  requirements.  The  total  loss  of  any  horizon  reference  cun  be 
very  confusing  und  gives  also  rise  to  vestlbulur  Illusions,  This  also  occurs  In  dark  nights  ("bluck  hole" 
approaches),  after  lightning  strikes  und  at  very  high  attitude. 

The  “false  horizon"  (7  and  3%)  wus  often  caused  by  Illuminated  roads  or  dikes,  sloping  dmiddecks  und 
the  wings  of  the  leader,  during  dose  formation  flying  in  the  clouds. 

Vectlon  Illusions  (K  und  2%),  rotating  as  well  as  linear,  were  the  result  of  rotating  anti  collision  lights  nr 
landing  lights  reflecting  oil  the  clouds,  stroboscopic  runwuy  lights  or  relutlve  motion  of  other  aircraft. 
The  reflection  of  instrument  lights  caused  a  severe  "Star  wars"  effect  of  moving,  colourful  stripes  In  rare 
cuscs,  Some  of  the  pilots  experienced  the  "lean  on  the  sun  Illusion"  when  flying  In  the  clouds  with  the  sun 
shining  vaguely  through  the  clouds. 

Although  the  2  vestibular  systems,  semlclrculutr  duels  und  otoliths,  ure  closely  reluted,  some  of  the  Illusions 
urc  clearly  cuused  by  Information  derived  mainly  from  one  to  the  two, 

37%  of  the  Illusions  In  the  F16  und  29%  of  those  lit  the  NFS  originated  In  the  otolith  organs. 

The  high  acceleration  In  the  FI 6,  during  take  off  with  uflcrburner,  cuused  soirmtogruvlc  Illusions  In  10% 
of  the  cuses  (NFS  3%).  At  night  or  under  IMC  this  occurred  more  often.  Attention  for  other  Instruments 
than  the  attitude  Indicator,  like  radar,  led  to  pitch  Input  us  u  reaction  to  the  Illusion. 

The  sensation  of  climbing  In  a  turn  was  a  clear  Illusion  In  13%  of  the  cases  In  both  groups.  Especially 
In  situations  without  horizon  reference,  It  led  to  false  Input. 

Hcudtnovements  during  turns,  such  as  u  switch  from  Head  Up  Display  lo  rudur,  wus  Ihe  cause  of  the  G- 
excess  effecl.  This  led  to  false  sensations  of  altitude  (I  und  3%). 

The  classic  Illusions  originating  In  the  semicircular  ducts  were  us  common  as  expected  (Flo  39%, 
NFS  41%). 

A  fulse  sensation  of  bunk  was  experienced  by  12%  of  the  FI6  und  NJrS  pilots.  They  started  a 
subthreshhold  turn  without  knowing,  Especially  under  u  high  workload  during  low  level  flying,  or  becuuse 
of  distraction  under  IMC,  this  type  I  disorientation  almost  cuused  accidents.  Only  by  crosschecking  Ihe 
Instruments  In  time  or  seeing  the  ground  coming  up,  a  collision  could  be  prevented. 

A  distinction  Is  mude  between  u  fulse  sensation  of  bank  and  the  "leuns",  In  those  cuscs,  5%  of  the  Fib 
und  21%  of  the  NF5  Illusions,  Ihe  pilots  knew  from  the  start,  that  what  they  felt  did  not  fit  the  Instrument 
Information,  They  were  struggling  against  their  known  wrong  feelings  while  flying  In  close  formation.  Flic 
sensutlon  was  very  strong  und  lusting  In  some  cases  and  caused  dangerous  situations  during  approaches 
and  landings,  Student  jet  pilots  fly  the  NFS  at  the  beginning  of  their  cureer  und  a  great  deal  of  that  lime 
Is  spent  "on  the  wing”.  This  explain-  treat  difference  In  occurence. 


OV-K-K 


Flight  rules:  causal  factors. 
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Most  frequent  illusions. 
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Sensations  caused  by  turning  the  head  during  nlrcomhut,  without  vlsuul  reference,  occurred  In  4 %  of  the 
F [6  and  I %  of  the  NF5  cases,  These  sensations  were  very  confusing  und  contributed  to  a  loss  of 
situational  awareness,  The  Coriolis  sensations  are  probably  for  a  greut  deal  due  to  the  CJ-cxccss  effect 
(Gillingham). 

Furthermore  there  were  some  cases  of  snmutngyral  Illusions,  due  to  "pressure  vertigo",  caused  by  flying 
while  suffering  from  a  cold, 

In  47%  of  the  Incidents  there  were  no  evident  sensory  illusions  which  caused  the  disorientation.  In  those 
cases  a  psychological  state  of  mind  was  Involved,  that  gave  the  pilot  an  Incomplete  idea  of  Ills  position. 
The  most  common  sensutlon  of  this  category  was  the  “loss  of  situational  awareness",  29%  of  the  F16  pilots 
and  27%  of  the  NFS  pilots  experienced  this  In  a  severe  way. 

In  those  cases  the  pilot  was  so  busy  with  alrcombal  that  he  lost  the  overview  of  the  situation,  lie  knew 
where  the  target  was,  but  realised,  that  he  did  not  know  his  own  position  or  where  the  ground  was  or 
where  the  other  planes  were,  This  explanation  Is  assumed  in  more  and  more  accidents,  The  present 
generation  fighter  planes  are  very  advanced  and  give  the  pilot  more,  Instead  of  less,  workload.  They  also 
allow  a  short  range,  high  Ox,  dogfight,  In  which  there  Is  hardly  time  for  a  good  crosscheck.  Because  of 
overload,  the  aviator  looses  the  totul  picture  of  his  position.  But  In  the  NF5  also  It  was  a  frequent  Illusion. 
When  he  Is  not  aware  of  It,  the  pilot  can  collide  with  the  ground  In  the  middle  of  alrcombal  (type  I). 
Visual  und  vestibular  Illusions  can  contribute  la  the  problem 

A  typical  Flft  sensation  Is  the  "flying  carpel  effect  (4%).  Sitting  high  and  comfortable  on  top  of  "the  best 
airplane  In  the  world"  some  pilots  got  a  false  sensation  of  safety  rtndlhe  feeling  that  nothing  could  huppen 
to  them.  They  just  cruised  into  hud  weather  with  little  vigilance  or  cume  much  too  low  without  seeing 
the  danger. 

Other  phenomena  were  "flicker  vertigo",  Irritating  sensations  because  of  untlcolllslon  lights  reflecting  an 
the  clouds,  and  target  fi/atlon,  especially  In  NFS  Incidents  (7%)  because  of  the  new,  frequent  weapon 
exercises  of  student  pilots,  who  were  eager  to  score. 


The  quulity  of  the  sensation  und  the  effects  differ  between  the  Incidents. 

The  detection  of  the  fact  that  (he  pilot  was  disorientated  wax  In  most  cases  "a  mailer  of  instinct",  In  70% 
of  the  F16  end  43%  of  the  NFS  dlsorlentutlon  cases  the  uvlamr  just  "felt"  that  there  wus  "something 
wrong",  They  felt  uncomfortable,  because  they  noticed  that  they  lost  position  uwuretiess  or  missed  visual 
grip  on  the  outside  world,  This  led  to  checking  the  Imlrumems  or  visual  verification  of  the  distance  to 
the  ground.  A  much  smaller  percentage  (F16  21%,  NFS  11%)  noticed  disorientation  for  the  first  lime, 
while  checking  the  altitude  Indicator.  The  altimeter  was  usefutl  In  19%  of  the  NFS  cases,  compared  with 
7%  In  the  Flft  incidents. 

Sometimes  different  cues  together  led  lo  the  detection, 

The  difference  In  percentages  (Instinctive  detection,  altimeter)  Is  probably  cuuscd  by  the  cockpit  Itiyoul  and 
the  higher  sitting  position  In  the  Flft,  Other  ways  to  detect  the  problem  were  uudlowurnlngs,  crewmember 
or  ernoml  warnings,  aircraft  hehavlnur,  sodden  awareness  of  the  distance  lo  the  ground  and  the  attitude 
Indication  In  the  Head  Up  Display.  This  lust  one  only  helped  In  2%  of  the  Flft  eases  because  of  the 
difficult  Interpretation  of  the  HUD  Information. 

Although  It  Is  hard  to  say  how  long  one  was  unknowingly  disorlentuled  most  Illusions  were  detected  In 
2  to  10  seconds. 


The  subjective  strength  of  the  sensation  varied.  In  30%  of  the  Incidents  the  aviator  suld  It  wus  it  strong 
sensutlon.  Around  20%  could  not  get  rid  of  the  sensutlon  untlll  the  causal  factors,  such  us  luck  of  visual 
reference,  disappeared.  Using  the  Instruments  solely  wus  not  enough. 


The  realization  of  being  disorientated  had  some  Important  _ _ 

Most  of  the  pilots  (NFS  44%,  Flft  56%)  acted  according  to  the  Instruments  ulthough  they  were  amazed, 
confused,  or  shocked. 

More  dangerous  effects  were  reflex  actions,  25%  of  the  NFS  und  18%  of  the  Flft  pilots  reacted  to  the 
feelings  before  evaluating  them,  for  example  pitch  down  Input  after  somuUigruvIc  Illusions  or  pitch  up 
during  lake  off,  The  "glam  hand"  phenomenon  wus  mentioned  as  well.  A  smull  group  did  not  believe  the 
Instrument  Information  for  a  while,  were  fixated  on  one  Instrument  only  or  even  sut  "frozen  at  the 
controls", 


Control  of  the  aircraft  wus  lost  In  6%  of  the  Flft  und  3%  of  the  NF5  cases,  In  about  50%  of  the  Incidents 
the  uvlutors  kept  full  control  over  the  airplane,  In  the  remulnlng  cuscs  control  wus  decreased  or  the 
uulopllm  or  crewmember  flew  the  plunc. 


The  solution  of  the  problem  wus  mainly  done  with  Information  of  the  main  Instruments,  47%  of  tbe  NF5 
ami  59%  of  the  F16  pilots  could  recover  from  the  sensation  that  way.  Manoeuvring  the  airplane  often 
helped  In  get  Ihe  correct  idea  of  position  again. 

Outside  reference  wus  also  Important.  For  51%  of  the  NFS  pilots  and  29%  of  the  Flft  pilots,  It  ’••■•is 
enough  to  see  the  ground  coming  up  fusl  to  forget  the  Idea  that  the  ulrcruft  wus  In  straight  und  'oval 
flight,  In  some  coses,  like  the  “leuns",  It  took  up  to  21)  minutes  before  tbe  pilot  felt  ullrlghl  uguln,  Inn  most 
sensations  lasted  from  u  couple  of  seconds  to  2  minutes. 

Whin  the  plane  cume  on  an  undeslred  flight  path  because  of  dlsorlentutlon  guided  Input,  It  bud  to  he 
corrected,  Most  of  the  pilots  did  this,  by  using  instruments  (45%),  or  by  using  the  outside  reference  (NF5 
44%,  I  16  20%), 

The  Head  Up  Dlspluy  played  only  a  minor  role  In  ending  the  sensation  or  correcting  the  night  pulh. 
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All  Intervlewr  I  ivintors  remained  unharmed,  although  the  aircraft  sometimes  was  damaged  during  these 
most  Impre  siv  <n- blent-  by  hitting  treetops  or  making  hard  bindings. 

About  33%  of  the  pilots  interviewed  categorized  their  Incident  as  a  major  risk  for  flight  safety.  10-15% 
saw  no  risk  In  the  situation. 

Overall  incidence 

Apart  from  the  most  Impressive  ot  u'ui.t  dangerous  Incidents,  the  pilots  wete  usked  about  the  general 
Incidence  of  disorlei"atlon.  All  pouts  had  experienced  some  kind  of  disorientation  during  their  career.  In 
most  cases  this  Involved  "the  leans",  beside  some  visual  Illusions. 

Of  the  Fit  aviators,  26%  had  a  near  accident  during  his  flying  career  and  8%  mentioned  to  have  this 
once  a  year,  In  the  NFS  population  these  numbers  were  18%  and  3%, 

These  are  subjective  numbers;  an  objective  observer  could  have  had  another  opinion. 

"Loss  of  situational  awareness"  was  most  often  Involved  In  these  situations  (12%  F16,  3%  NFS).  This  wus 
caused  by  a  high  workload  during  alrcombut, 

Other  causes  of  near  accidents  were  the  fulse  perception  of  height  (5%  F16,  3%  NF5),  false  scnsullon 
of  bonk  and  the  "flying  carpet"  phenomenon.Target  fixation  scored  especially  In  the  NF5  population  (3%). 
Distraction  and  high  workload  were  Important  factors. 

Disturbing  sensations,  that  were  not  dangerous  (F16  60%,  NFS  31%),  were  In  most  cases  also  "loss  of 
situational  awareness",  hut  the  "leans",  "lost  horizon",  somutogravlc  illusions,  fulse  hnrlztm  and  G-excess  or 
Coriolos  Illusions  occurred  frequently  ulso. 

And  all  pilots  regulary  encounter  minor  Illusions  In  the  form  of  fast  detected  and  solved  "leuns",  stur- 
groundllght  conflicts,  “false  horizons",  etc, 


Susceptibility  for  dlsorlentadnn  In  the  Flfi. 

The  H6  F16  aviators  were  asked  If  they  experienced  more  disorientation  while  flying  In  the  Flfi  us 
compared  with  other  planes,  such  us  F104,  NF3  und  other  types. 

23%  mentioned  it  wus  identical.  A  group  of  73%  experienced  more  dlsorlentutlon  In  the  F16,  of  ilium 
4H%  had  somewhat  more  problems  and  23%  hud  fur  more  dlsorlentutlon  sensations.  In  some  cuses  the 
aircraft  was  appreciated  as  less  disorientating. 


'Hie  clrcunuimicca  In  which  the  Fib  pilots  were  more  subdued  to  Illusions,  Involved  mulnly  flying  under 
IMC  (51%),  ut  night  (35%),  In  ulrcombut  (30%)  and  during  formation  (lying  (10%). 

The  reasons  for  greuter  susceptibility  were  diverse. 

F16  flight  characteristics  were  u  very  Important  factor.  Because  of  the  aerodynamics  of  the  plane  llicrc 
Is  no  sensation  of  speed.  The  pilot  reels  or  hears  no  difference  between  200  or  60(1  knots,  Especially  In 
ulrcombut  this  causes  problems. 

The  "fly  by  wire'1  system,  In  which  the  computer  does  the  actual  steering,  euuses  u  luck  of  feedback  from 
Ihe  stick.  There  are  no  forces  from  the  stick  (hut  let  the  pilot  know  whut  the  aircraft  Is  doing,  The  correct 
sensation  of  uttltudo  Is  more  difficult  to  gel  thut  wuy, 

Uecuuse  of  the  high  manoeuvrability,  the  sharp  turns  with  high  O-onset,  the  pilot  experiences  more 
dlsorlenlutlon.  The  workload  Is  high  and  becuuse  of  the  possible  tasksnturutlon  Ihls  can  lead  to  channelized 
attention  and  luck  of  u  good  Instrument  crosscheck,  which  can  result  In  "loss  of  slluutlomil  iiwurencss". 
The  linear  acceleration  during  ufterburner  take  off  caused  somutogravlc  Illusions.  The  fact  tlsul  the  plane 
Is  eusy  to  fly  In  a  comfortuhlc  position  led  to  the  "flying  carpet"  sensation  In  some  cuses, 

'llicrc  urc  some  uspccts  about  the  position  of  the  pllut  in  the  ueroplunc  that  lead  to  more  dlsorlenlutlon 
In  u  number  or  pilots.  The  tower  edge  of  the  cockpit  Is  near  to  pilots  uppcrlcgs  and  lie  Is  sitting  under 
u  bubble  canopy  with  u  360  field  ol  vision  and  no  frame  for  ulrplune  reference. 

Bocuusc  of  tins  high  sitting  position  there  Is  u  large  Influence  from  the  peripheral  view,  fur  example 
when  he  Is  looking  through  the  IIUD.  The  uvlutor  has  little  or  no  possibility  to  escape  from  lutcriwl  or 
external  light  reflections, 

Sluing  high  on  lop  of  the  ulrcrnfi,  shut  cun  hardly  be  seen,  also  contributes  to  the  "flying  carpet" 
phenomenon. 

Tbe  Head  Up  Display  (HUD)  Is  a  sophisticated  Instrument  that  creutes  several  problems,  The  37”  angle 
between  IIUD  and  Ihe  radar  screen  necessitates  pitch  movements  of  the  head,  which  can  create  O-excess 
Illusions  In  turns.  Also  the  distance  to  the  other  Instruments  Is  too  large.  Interpretation  of  the  digital 
speed  and  ultitude  Indication  Is  very  difficult  In  periods  of  stress,  There  Is  hurdly  any  difference  noli  cubic 
between  rapid  chunging  numbers,  1,0(10  ft  cun  be  Interpreted  as  10,000  ft.  Horizon  und  up/down  Indication 
Is  another  problem,  During  approach  this  creates  problems.  In  the  dogfight  mode  there  Is  no  horizon 
indication  at  all,  and  In  these  situations,  thut  lead  to  loss  of  sltuutlonul  uwureness  quickly,  the  pilot 
primarily  needs  just  thut.  Especially  when  (here  Is  no  well  defined  horizon,  The  presenl  HUD  Is  ion  small 
(10  by  10  cm),  so  the  pilot  bus  to  muke  movements  uround  to  see  all  Information,  and  (he  motion  of  the 
projection  Itself  Is  disturbing. 


The  cockpit  layout  is  a  disorientating  factor  because  the  primary  Instruments,  like  the  attitude  Indicator, 
arc  too  small,  too  far  away  and  placed  too  low,  Developed  as  u  daylight  fighter,  the  main  Instruments 
were  less  Important  than  the  view,  In  the  Europcun  Theatre  with  Its  bad  weather  however,  the  pilot  needs 
a  quick  and  cusy  crosscheck  possibility.  Certuln  Instruments  he  needs  In  stressful  periods  are  placed  at 
distracting  locutions  and  make  hciidmovcnicnts  necessary,  The  modern  avionics  und  the  vast  number  of 
possibilities  raise  the  workload. 

Another  disorientating  factor,  thut  Is  connected  with  flying  the  FI6,  Is  the  possibility  of  climbing  out  after 
the  leader  while  locking  him  with  the  radar,  This  cun  cause  channelized  attention  on  the  rudarscreen 
and  reactions  on  sommogravlc  Illusions, 

The  moving  reflections  of  landlnglights  on  the  clouds,  when  the  gear  comes  down  during  an  approach  in 
the  clouds  at  night,  can  cause  vectlon  Illusions, 

The  operational  use  of  the  F16  also  plays  a  role  because  of  the  high  workload  during  demanding  missions 
In  hud  weather. 


Suggestions  for  prevention 

The  causes,  Illusions,  Incidence  und  F16  susceptibility  give  a  picture  of  the  disorientation  problem  within 
the  Royal  Netherlands  Airforce,  To  prevent  any  future  Incident!  and  accidents  many  chunges  and 
Improvements  are  needed.  The  Interviewed  pilots  were  asked  for  suggestions  to  solve  the  problem  und 
mode  the  following  recommendations: 

Frequent  briefings  on  the  subject  are  very  Important.  From  flight  commander  and  flight  sufoty  officer  to 
medlcul  corps,  all  levels  should  regulury  brief  on  the  Importance  of  a  good,  regular  crosscheck  and  the 
hungers  of  flying.  Before  speclul  exercises,  like  low  level  flying  over  the  desert  or  over  snow  covered  ureus 
attention  should  be  druwn  to  specific  problems,  Student  pilots  that  go  on  their  first  special  mission  should 
he  briefed  on  the  dungers  of  thut  mission,  Accident  Investigation  reports  should  come  to  the  squudrons 
quickly,  otherwise  the  preventive  effect  will  be  lost,  A  preliminary  report,  within  two  weeks,  Is  important. 
Realistic  recordings  of  accidents,  will  have  an  Impurtum  Impact,  Dally  debriefing  of  all  Incidents,  und  u 
possibility  to  unonymously  report  an  Incident  will  provide  colleagues  with  useful  Inlormullon. 

With  demonstrations  the  effect  of  high  workload  on  the  crosscheck  and  the  effect  of  disorientation  on 
performance  cun  be  shown  convincingly,  Inlllght  demonstrations  are  very  useful,  hecuuse  the  actuations 
are  real  und  the  psychological  effects  will  have  a  great  Intpnct.  These  demonstrations,  however,  cannot 
show  everything,  moreover,  they  ure  not  without  danger. 

Ground  bused  devices  ure  more  practical  und  can  show  more  Illusions,  but  liuve  to  be  very  reullsllc  to 
convince  the  uvlulor.  They  should  he  equipped  with  a  very  good  visual  system,  a  realistic  cockpit  layout, 
feedbuck  possibility,  motion  In  3  axes  and  some  amount  or  CMorcos  to  be  reul  enough,  Alsu  the  pilot 
has  to  fly  u  "real"  mission  with  u  high  workload  und  distracting  features,  Only  than  the  necessity  of  u  good 
und  regulur  crosscheck  cun  he  demonstrated. 

Some  disorientation  demonstration  cun  be  done  In  un  operational  Bight  trainer  or  In  an  ulrcombllt 
simulator,  to  show  vlsuul  Illusions  or  the  development  of  the  "loss  or  alhiutlonu!  awareness", 

Instrument  flight  flFI  training  should  he  practised  often  und  thoroughly,  so  the  pilot  will  not  he  in  u  new 
sltuutlon  when  he  enters  bud  weather,  which  is  one  of  the  most  Importunt  factors  cunning  disorientation. 
This  must  he  done  In  the  simulator,  hut  Inflight  also,  More  IF  training  hours  ure  needed  und  there  should 
he  regulur  IF  chocks  by  Instructors, 

To  practise  Instrument  flying  In  good  weuther,  there  should  be  possibility  to  cover  the  cockpit  or  otherwise 
prevent  outside  reference.  ’’All  weuther"  strike  missions  can  be  exercised  then, 

The  pilots  must  learn  how  to  fly  an  upprnuch  without  use  of  the  MUD.  And  when  the  plane  gets  Into  un 
uinisuul  utlltltde,  the  avlutor  has  to  know  very  well  how  to  recover  in  time,  This  loo  should  he  trained 
more  often,  so  the  pilot  knows  what  to  expect. 

The  organisation  Itself  needs  to  he  changed  also  or  several  points,  according  to  the  uvlators. 

The  I'lft  Is  u  demanding  neroplune  thut  hus  to  be  flown  regulury  to  stuy  proficient.  It  taken  quite  some 
time  to  get  fully  acqulnted  with  the  plune  und  especially  student  pilots  need  mttny  flying  hours  a  week  to 
leurn  how  to  fly  the  plane  sufely  und  efficiently, 

The  NATO  standard  of  240  hours  u  yeur  should  be  flown,  with  it  minimum  of  TO  hours  for  stuff  pilots, 
The  technical  knowledge  of  the  pilots  about  the  Fid  la  jeupurdlied  by  mandatory  attention  to  other 
activities  like  exercises,  meetings,  courses. 

More  wartime  tusk  [ruining  Is  neccssury  to  know  how  the  plane  will  reuct  to  u  full  hoiuhloud,  Tor  example. 

The  luck  of  experienced  pilots  is  u  big  problem,  Muny  of  them  left  the  ulrforce  for  heller  paid  or 
"Iteultlilci"  Jobs,  or  they  were  transferred  to  u  "puper"  Job  at  the  ulrforce  stuff,  The  consequence  Is  loss 
Instruction.  Young  pilots  ure  being  pushed  to  fly  difficult  missions  without  proper  experience  or  to  hike 
responsibilities  beyond  their  cupuollltles.  Measures  should  he  taken  to  keep  experienced  pilots  In  the 
ulrforce  und  In  the  field  of  lllghtinstructlon,  More  demanding  functions  should  only  be  given  to  the  avlutors 

who  meet  the  requirements. 

Supervision  remains  Importunt,  to  prevent  young  pilots  going  too  fur  to  Impress  their  collogues  und  to 
prevent  overstressed  or  unfit  pilots  going  on  u  demanding  mission.  There  also  should  he  regulur  flight 
safety  checks,  The  Importance  of  regulations  and  procedures  has  to  be  often  repeated, 

To  prevent  high  workload  during  the  flight,  the  plunnlng  must  be  optimal,  Including  the  last  purl  of  the 
mission,  after  the  target  Is  made. 
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One  of  the  operational  suggestions  that  have  been  made,  It  mure  uie  of  the  autopilot.  Using  this  feature 
In  "altitude  hold"  during  Instrument  flying  over  flat  terrain  decreases  the  workload. 

After  a  period  of  non-flying  a  G-wurmup  It  necessary.  After  alrcombut  It  is  not  advisible  to  enler  the 
clouds  In  close  formation,  to  prevent  the  'leans". 

Young  student  pilots  should  go  on  theli  first  difficult  trip  with  an  Instructor. 

A  "radar  locked  on  behind"  climh  out  with  several  aircraft  has  to  he  avoided  especially  for  unexperienced 
pilots. 

Every  demanding  or  distracting  action  to  be  taken  during  low  level  flying  should  be  preceded  by  climbing. 
All  attention  has  to  be  on  the  flying  and  when  there  Is  not  much  detail  visible  the  pilot  should  not  go 
vety  low. 

To  prevent  reflections  In  the  canopy,  non-reflecting  materials  should  he  used.The  HUD  should  not  he  used 
during  extreme  manoeuvres  or  during  bud  weulher.  If  there  is  uny  problem  the  pilot  should  trunsfer  to 
prlmury  Tight  Instruments  (PFI)  and  remnln  there, 

If  the  pilot  comes  to  the  conclusion  that  he  Is  disorientated  he  must  terminate  the  manoeuvre,  level  off, 
use  only  PFI,  keep  his  head  still,  switch  on  the  autopilot  In  altitude  hold  und  put  ull  Instruments  correct 
again. 

The  FI6  cockpit  layout  causes  a  greater  susceptibility  fur  disorientation. 

Several  structural  changes  are  needed.  A  lower  Illumination  level  of  the  Instruments  und  radar  and  non 
reflecting  materials  cun  prevent  the  "Stur  Wars"  effect. 

The  husic  Instruments  should  he  pluced  right  In  front  of  the  avlutor  In  the  right  order  for  t>  good,  quick 
crosscheck. 

"Heads  up  and  hands  on"  decreases  distraction  and  headmovements, 

The  instruments  should  be  larger  und  more  reliable,  e  g,  the  stundby  altitude  Indicator, 

All  equipment  to  be  used  In  combat  situations  should  Be  forward,  like  the  fire  control  navigation  panel 
und  the  switches  for  chuff,  flare  and  electronic  counter  measures,  as  well  as  the  video  switch,  The  lust 
Item  cun  possibly  he  connected  to  the  "dogfight  override"  switch. 

The  Head  Up  Display  Is  going  to  he  replaced  by  a  wide  ungle  version  (15  by  15  cm).  This  must  give  the 
pilots  a  better  view  of  all  Information.  A  heller  up/down  Indication,  Instcud  of  the  present  dotted  lines 
should  be  presented  us  well  us  u  good  horizon  In  the  dogflghl  mode. 

A  good  "orf-lmllcntlnn  Is  necessary,  To  warn  the  pilot  thut  the  MUD  hits  u  malfunction, 

Round  dials  are  perhaps  better  Interpreted  In  stressfull  periods  with  rapid  changing  speed  untl  altitude. 
The  present  MUD  Is  not  yet  fit  to  ho  used  us  u  primary  Instrument  hecuuse  of  the  mentioned  short 
comings  und  It  Is  not  to  be  used  In  stressful  periods  or  to  solve  dlsorlenlutlon. 

Matty  technical  Improvements  have  to  he  mude. 

A  combined  altitude  radar  altimeter  (CARA)  will  give  the  pilot  more  cltunce  to  avoid  a  collision  with  the 
ground.  An  uutumutlc  low  ultltude  warning  with  uudloslgnul  has  to  he  built  In,  und  this  limy  prevent  a 
number  of  accidents. 

A  moving  map  display  will  help  the  pilot  lo  create  the  correct  picture  of  where  he  Is  going.  This  lowers 
the  woikToud,  The  ubstracl  waypoints,  like  they  tire  shown  now,  are  not  convincing  enough,  Mmklng  on 
n  map  during  low  level  turns  cremes  dungcrous  situations, 

Perhaps  a  transparent  frame  cun  he  fixed  on  the  canopy,  to  have  un  uircrnfl  reference.  Visual  Illusions 
during  approach  cun  he  partly  compensated  for  by  u  visual  upprouch  slope  Indicator  sysiem  (VASIS)  on 
ull  ulrflcMs. 

It  Is  possible  thut  some  of  the  missions  flown  In  the  Flh,  such  as  "all  weather"  strike,  arc  Ion  dcinundlng 
Tor  one  person.  Dual  FIA's  may  be  needed  In  those  cases,  untlll  heller  hard  und  software  can  take  some 
of  the  workload  away  from  the  pilot. 

Certain  techniques  which  ure  being  tested  may  prevent  part  of  the  disorientation  uccldcntx. 

The  Dutu  Transfer  Unit  (DTU)  will  reduce  workload  during  flight  preparation, 

The  terrain  following  rudur,  which  Is  In  use  In  several  types  of  aircraft,  Is  necessary  for  safe  low  level 
flight  In  inoumulnnui  terrain,  ut  night,  or  In  hud  weather.  The  negative  side  Is  the  tracing  problem.  A 
terrain  reference  system 's  passive  and  will  tell  the  pilot  where  the  ground  Is  or  where  obstacles  toe  al 
nil  times  und  warn  hint  In  every  possible  way,  while  the  aviator  pilots  the  plune  himself,  with  or  without 
night  vision  goggles, 

A  ground  uvoltlunce  system  cun  tuku  over  If  an  ultlmute  V  Oz  pull  up  Is  needed  to  uvoltl  a  collision,  other 
navigation  systems,  tire  the  glohul  positioning  system  and  "fusion1  systems, In  wlch  rudur  und  Infrared 
Information  Is  ctmthlned  with  the  map  dlspluy,  A  combination  of  these  systems  muy  reduce  the  workload 
und  will  be  un  Improvement  for  flight  surety, 

Development*  like  the  Malcolm  horizon,  direct  voice  control,  touch  senslllve  screens  und  helm  mounted 
displays  If  Tull  safe  und  used  In  the  right  wuy  can  make  flying  In  high  performance  aircraft  even  surer. 

CONCLUSIONS 

All  Interviewed  uvlutors  have  been  disorientated  In  some  way  during  their  career.  It  occurs  lit  nil  ages,  on 
ull  experience  levels  and  In  ull  ulrcruft  und  It  Is  often  a  combination  of  fucturs  thut  cuuxeH  the  problem 
Most  Important  ure  weulher  factors,  visual  reference,  psychological  and  procedural  fucturs. 

All  these  fuctors  lead  lo  u  poor  Instrument  crnsscheck.  This  mukes  it  possible  for  visual,  and  vestibular 
Illusions,  us  well  us  fur  certain  menial  slates,  to  develop. 

The  most  common  Illusion  Is  the  "luuns",  experienced  by  most  pilots  In  a  light  or  disturbing  form. 

The  most  dangerous  Is  the  "loss  of  sltuutlaiml  awareness",  which  Is  cruised  by  it  high  workloud  und 
channelized  attention  during  alrcombut  without  well  defined  horizon.  This  phenomenon  led  to  the  most 
neur  accidents. 
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Oilier  causes  of  near  accidents  are  false  perception  of  height,  fulse  scnsullon  of  hank  during  low  level 
manoeuvres,  and  target  fixation, 

'ihe  disorientation  Is  In  most  cases  detected  by  'Instinct”,  with  the  detection  of  an  unexpected  attitude  on 
the  attitude  Indicator  during  a  crosscheck  tuklng  a  second  place  fur  behind. 

One  third  of  the  most  serious  Incidents  were  a  serious  risk  for  flight  safety  and  5-H%  or  the  aviators 
experiencing  a  neur  accident,  due  to  disorientation,  every  year. 

7.1%  of  the  aviators  mentions  to  be  more  susceptible  for  disorientation  during  flying  In  the  EI6  than  in 

another  aircraft,  especially  while  flying  at  night,  under  IMC  nr  In  aircomhat.  The  reasons  are:  The  high 
sitting  position  under  a  frameless  canopy  without  uircruft  reference;  little  feedback  and  sensation  of  speed; 
high  manoeuvreblllty  with  high  dz-onset  and  llneair  acceleration;  small  HUD  with  difficult  Interpretation; 
a  poor  cockpit  layout  with  small  Instruments  anti  large  necessury  headmovements;  and  the  mission 
requirements  wich  cause  a  high  workload, 

To  prevent  future  disorientation  Incidents  and  accidents  the  crosscheck  should  he  Improved  and  the 
workload  lowered,  Also  technical  Improvements  ure  needed,  This  cun  he  reached  by: 

A.  Better  and  more  briefings  on  the  subject,  with  realistic  material. 

B.  Inflight  and,  realistic,  groundbused  demonstrations. 

C.  Regular  and  better  IF  training, 

D.  More  flying  hours. 

E.  Better  supervision  and  no  pushing  of  unexperienced  pilots. 

F.  Less  reflecting  materials, 

0.  A  wide  angle  HUD,  with  better  Information  presentation. 

H.  A  better  cockpit  layout,  with  the  Inflight  stress  management  system  up  from,  und  larger  Instruments. 

I,  Several  technical  Improvements,  like  a  terrain  reference  system,  a  ground  avoidance  system  and, 
perhaps,  a  dual  Flfi  for  "all  weather"  missions. 
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SUMMARY 

Tht  Ability  cl  the  pilot  tn  maintain  situation  awareness  Is  raoognlitd  In  tht  pilot  community  as  crudal  to  mission  success  and 
survivability.  The  design  of  ths  pilot  vehicle  Interface  must  therefore  be  guided  by  the  goal  of  maintaining  and  enhancing  pilot 
situation  awareness.  A  formal  definition  of  situation  awareness  Is  presented  In  addition  to  a  detailed  description  of  ihe  Situation 
Awareness  Global  Assessment  Technique  (SAGAT).  SAGAT  was  developed  as  an  objective  measure  of  a  pilot's  situation  awareness, 
Including  pilot  knowledge  of  ownahlp  status,  the  lactloal  environment,  his  overall  comprehension  ol  the  situation,  and  his  ability 
to  project  the  tactical  situation  into  the  near  future.  SAGAT  allows  for  s  variety  of  system  design  concepts  to  be  evaluated  on  the 
basis  ol  situation  awareness,  as  well  as  workload  and  performance,  thus  providing  Ihe  design  community  with  a  much  needed  tool. 


INTRODUCTION 

Situation  awareness  (SA).  the  pilot's  knowledge  ol  the  world  around  him  and  his  plBCe  in  it.  has  become  a  design  goal  ol 
major  Importance  In  the  past  fsw  years.  Research  Is  flourishing  In  many  areas,  Including: 

1 . )  sensor  technology  and  sensor  integration, 

2. )  advanced  control  and  display  devices  -  l.sad-up  displays  (HUD),  hairnet  mounted  dlsplays/slghta  (HMD/HMS),  voice 
activated  controls,  touch  sensitive  display  screens,  panoramic  end  virtual  display  concepts, 

3. )  Integrated,  symbolic,  color  an  '  three-dimensional  display  tormals, 

4. )  automation  ot  pilot  tasks  through  expert  systema/artlficlal  Indulgence,  and 

5. )  Intelligent  aircraft  systems  lor  Integrating,  prioritizing,  tillering,  and  communicating  Information  to  the  pilot  in  a 
timely,  sllueilonally  appropriate  manner. 


All  ol  thla  research  has  one  goal  in  common:  to  Improve  some  aspect  ol  pilot  situation  awareness,  and  Ihua,  hopefully,  his 
overall  mission  performance  end  survivability  Designers  and  researched  In  these  areas  have  been  hampered  by  two  major 
problems,  however.  First,  u  common,  consistent  definition  of  situation  awareness  Is  needed.  A  researcher  concentrating  on 
spatial  awareness,  lor  Instance,  must  be  aware  bt  how  this  aspect  ol  SA  Interacts  with  Ihe  pilot's  simultaneous  desire  lo  obtain 
awareness  ol  other  aircraft  In  the  environment,  A  researcher  designing  an  expert  system  lor  lha  cockpit  needs  to  know  just  what 
aspects  ol  the  situation  ere  Important  and  when.  As  most  people  working  In  this  area  have  discovered,  this  is  not  a  trivial 
problem.  A  precise  dellnllkir  and  detailed  underslandlng  ol  eituation  awareness  la  required. 

The  second  rnalor  problem  hindering  researched  has  been  the  lack  of  an  objective  technique  for  evaluating  competing 
design  concepts.  Subjecllvs  techniques  lor  evaluating  SA  (e.g.  rate  your  SA  on  a  1  lo  10  scale)  hsve  serious  short  comings.  Since 
Ihe  pilot  does  not  jmaat  what  Is  really  happening  In  Ihe  environment,  his  ability  lo  estimate  his  own  SA  Is  quire  limited.  A  pilot 
may  think  he  has  perfect  SA  end  be  totally  unaware  ol  Ihe  enemy  aircraft  on  his  tail,  his  depleted  fuel  stale,  or  a  slight,  but 
lethal,  pitch  down, 

If  a  pilot  Is  asked  to  eublectlvely  evaluate  his  SA  In  a  debriefing  session,  his  rating  may  also  be  highly  tainted  by  the 
outcome  ot  Ihe  mission.  When  performance  is  favorable,  whether  through  good  SA  or  good  luck,  the  pilot  will  most  likely  report 
good  SA,  and  vice-versa.  Furthermore,  as  this  information  is  galhered  after  Ihe  run,  the  pilot  will  probably  be  Inclined  lo 
rationalise  and  over  generalize  about  his  SA,  as  has  been  shown  to  be  the  case  when  inlormallon  about  mental  processes  Is  collected 
alter  the  tact  [tsj. 

While  performance  te  always  the  ■betlom-llne"  criterion,  much  ot  pilot  performance  In  Ihe  laclica!  environment  Is,  by 
nature,  highly  variable  and  sub|ecl  lo  Ihe  Influence  ol  many  other  laclori  besides  SA.  In  other  words,  a  new  system  may  provide 
Ihe  pilot  with  belter  SA,  but  In  evaluation  (eating  this  feet  can  be  easily  masked  by  exceeslve  workloads  or  poor  decision  making 
II  overall  miss  or  performance  Is  used  as  Ihe  only  dependant  measure.  The  second  problem  with  thla  type  ol  approach  slams  from 
Ihe  Interactive  nature  ol  situation  awareness  sub-components.  It  is  quite  easy  lor  pilots  lo  bias  their  attention  to  a  single  Issue 
which  is  under  evaluation.  However,  improved  SA  In  one  area  may  easily  result  In  decreased  SA  In  others,  yielding  misleading 
results  If  only  one  Issue  Is  examined  at  a  lime,  Whal  researchers  really  reed  lo  know  Is:  how  much  SA  do  pilots  havs  when  taxed 
with  at!  ol  Ihe  multiple,  competing  demands  upon  their  attention  that  occur  In  (light, 

For  this  reason,  a  global,  objective  measure  ol  SA  Is  Important.  To  improve  pilot  situation  awareness,  designers  need  lo  be 
able  lo  evaluate  the  Impact  of  design  concepts  on  SA  directly.  Only  through  scientific,  objective  evaluation  oi  these  many  concepts 
land  resultant  concept  refinements),  can  Ihe  desired  Improvements  In  pilot  SA  be  realized. 

It  Is  the  purpose  ot  this  paper  to  present  lha  results  ot  ongoing  research  at  Northrop  In  Ihe  area  ol  situation  awareness 
definition  and  measurement. 
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SITUATION  AWARENESS  DEFINITION 

A  mode!  ol  pilot  decision  making  Is  presented  In  Figure  1.  It  Is  the  pilots  situation  awareness,  his  mental  model  ol  the 
world  around  nlm  and  nls  place  In  It,  Ihsl  directs  his  decision  making  and  tactical  performance.  Situation  awareness  forms  the 
critical  Input  to,  but  Is  separate  from,  pilot  decision  making,  which  Is  the  Oasis  lor  ell  subsequent  pilot  actions.  Even  Ihe  best 
trained  and  most  tspsrlencad  pilots  can  make  Ihe  wrong  decisions  l|  they  hive  Incomplete  or  inaccurate  3A.  Conversely,  e  pilot 
may  accurately  understand  what  Is  occurring  In  lha  environment,  yet  not  know  the  correct  action  to  lake  or  be  unable  oarry  out 
that  action.  Fur  this  reaaon,  It  la  important  that  SA  be  oonaiderad  separately  trom  decision  making  and  performance. 

The  pHofa  SA  le  derived  trom  a  numbat  ot  sources  Inducing  ths  alroratt  Interlace,  communication!  with  other  aircraft, 
and  lha  environment  directly.  The  quality  of  a  pilot's  SA  Is  moderated  by  hit  personal  dapablllllea  (a  product  ot  his  Inharant 
abilities,  training,  and  anparlanca),  hie  preconceptions  and  objectives  (typically  established  In  Ihe  pre-mission  briefing),  and 
his  ongoing  task  workload. 

The  SA  oonatruct  Itself  can  be  broken  down  Into  three  level*,  as  Is  depleted  In  Flgura  1. 

Level  I  SA  .  Tha  pilot  perceives  the  alamenti  (a.g,  an  alroratt,  a  mountain,  a  warning  light)  that  era  presanl  In  the 
environment,  along  with  their  relevant  oharioterlitloa  (o.g,  color,  size,  speed,  location), 

t  aunt  a  sa  ■  Based  upon  his  knowledge  ot  these  elements,  particularly  whan  put  together  to  form  pitterna  with  the  other 
tlamanli  (gostalt).  the  pilot  forms  a  hollstlo  picture  ot  the  environment,  comprehending  tha  significance  ol  objects  and  avents 
For  example,  tha  pilot  not  only  dttecta  that  a  rad  light  has  appeared  on  lha  warning  panel,  bul  he  also  comprehends  that  tha 
appearance  ol  that  light  Indicates  tha  lallura  ol  a  particular  ayitam  which  la  tile  threatening.  Ha  comprehends  that  lha  nppaarance 
ol  ihrea  enemy  aircraft  within  a  os, tain  proximity  ol  taoh  other  and  In  ■  certain  geographical  location  Indicates  certain  things 
about  their  objectives,  which,  In  turn,  leads  to  a  projection  cl  possible  tulure  scenarloi, 

Level  a  SA  .  It  la  lha  ability  to  project  lha  lutura  actions  ol  the  elements  In  ths  environment,  al  lean  In  the  very  near  term,  that 
forma  the  third  and  highest  level  ol  situation  awareness.  For  example,  knowing  that  a  threat  aircraft  Is  currently  offensive  end 
la  In  a  oertaln  looetlon  allows  the  pilot  In  projaot  that  tha  lliraal  aircraft  Is  llkaly  to  attack  In  ■  given  manner.  This  gives  him  Ihe 
knowledge  fend  tlm v)  necessary  to  decide  on  tha  moat  favorable  course  ol  action  lo  meet  hli  objectives, 

Interviews  with  pilots  Indicate  that  a  common  let  of  elsmenli  li  appropriate  acron  a  wide  variety  ol  tactical  mlsalone  and 
mission  segments.  Due  to  changing  situations  and  objectives,  ihe  relative  Importance  ol  eeoh  ol  these  variables  changes,  over  lime, 
however.  Al  any  point  In  lime  there  le  a  subset  of  this  Information  which  Is  primary  and  lha  remainder  which  Is  secondary,  but 
still  ol  some  Importance.  A  classic  example  of  this  point  occurs  when  e  pilot  becomes  heavily  Involved  in  doleellng  a  missile.  He 
may  (ell  lo  pay  attention  lo  his  flight  patamelers  and  conaequently  fly  Into  Ihe  ground,  even  though  he  Is  sucoosslul  el  his  primary 
task  at  defeating  the  mlsuile.  It  Is  clear  In  thia  Instance  that  while  Information  concerning  tho  airborne  missile  Is  of  primary 
Importance,  other  Information  la  also  Important,  just  secondary,  The  atlenllonal  narrowing  brought  on  by  high  workload  led  lo  an 
unacceptable  and  lethal  decrease  In  SA. 
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PILOT  DECISION  MAKING  MODEL 
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From  {hit  description,  SA  Is  dellned  formally  as: 

‘the  perception  ol  the  elements  In  lire  environment  within  e  volume  o I  lime  end  space,  lire 

comprehension  ol  their  meaning,  end  the  projection  ol  their  eletue  In  the  neer  lulure". 

The  elements  In  this  definition  have  bean  explicitly  defined  for  elr-lo-air  tactlcil  missions  through  task  analysis  and  extensive 
Interviews  with  pilots.  Elements  fall  Into  the  following  categories: 

1)  AIRCRAFT  ■  knowledge  of  ownehlp,  friendlies,  and  enemies,  Including  their  location,  weapons,  system,  and  spatial 

attributes; 

2)  GROUND  ■  knowledge  ol  ground  forces,  terrain,  features  and  reference  points; 

3)  MISSILES  -  knowledge  of  airborne  mlaallea,  their  location  and  alalus; 

4)  COMPREHENSION  ■  higher  level  comprehension  ol  Ihs  situation  such  as  prlorlty/lmmlnenoe  of  threats, 

advantages/dlsadvsntages,  threel  knowledge,  capabilities  and  objectives;  and 

6)  PROJECTION  .  promotion  of  friendly  and  threat  actions  In  Ihs  near  future. 

The  perception  elements,  comprehension  and  projection  requirements  can  also  bu  described  explicitly  for  different  missions  and 
aircraft  types. 

This  definition  has  sever.”  implications.  First  ol  all,  II  Is  Important  that  the  pilot  understand  the  situation  as  well  as 
merely  peroelva  li.  A  novice  may  be  able  lo  detsot  red  warning  lights  or  enamy  planss,  but  the  pilot  with  true  SA  win  know  the 
detailed  Implications  of  a  given  system  failure  (e.g.  possible  causes,  impacts  on  other  systems,  Importance  lo  the  mission  and 
survivability)  and  will  comprehend  enemy  ladles  and  Intentions  based  on  aircraft  formations  and  location.  The  really  expert 
pilot  will  be  able  to  project  future  events  based  on  current  parameters.  He  oan  operate  In  an  active  rather  than  reactive  mode  If 
he  oan  'think  ahead  of  the  aircraft'.  Designers  need  lo  b«  aware  cl  these  higher  level  SA  needs,  not  just  Individual  elements,  If  we 
are  to  help  pitots  over  the  information  proliferation  problem  whtoh  is  currently  engulfing  them. 

Secondly,  there  truly  Is  a  large  number  of  elements  that  ptlota  are  required  to  attend  to,  In  order  to  aohleve  SA.  They  need 
to  be  aware  ol  navigational  and  spatial  arrangements  of  themselves  and  ground  referencta.  They  need  lo  simultaneously  be  aware 
of  ownehlp  capabilities  and  flight  parameters  and  Ihoae  of  many  others  In  the  tactical  environment,  both  friendly  and  enemy.  To 
aohleve  this,  pilots  often  rely  on  Information  sampling  and  the  use  of  selective  attention.  Pilots  can  easily  be  the  victim  ol  their 
own  coping  strateglee,  however,  since,  'ellentlonal  narrowing’,  the  tendency  to  focus  on  singular  aspects  of  the  situation  during 
high  workload,  can  reault  In  a  lethal  loss  ol  SA  In  other  areas.  Designers  taco  the  challenge  of  providing  the  pitot  with  the  detailed 
SA  he  needs  for  specific  tasks,  while  simultaneously  maintaining  a  high  level  of  overall  SA,  within  workload  constraints.  Design 
ooncepts  which  fall  to  lake  Into  account  this  cottectlvo  need  for  8A  across  many  areas  will  Inadvertently  limit  pilot  SA  In  an 
unacceptable  manner, 


COGNITIVE  FOUNDATIONS 

So,  how  do  pilots  manage  lo  aohleva  SA  undor  suoh  demanding  circumstances?  A  limited  capacity,  serial  processing  model 
Is  deplaled  In  Figure  2,  as  one  possible  framework  for  understanding  the  SA  process  (modified  from  WtckansjlS)  ).  The 
environment  la  Initially  processed  preettsnltvely  by  the  pilot  through  parallel  loonlo  and  aohola  memory  stores  (sensory 
registers  for  visual  and  audio  Input  to  the  brain),  Certain  oropertles  will  be  observed  at  thle  stage,  providing  oues  lor  further 
localised  attention.  The  pilot  may  choose  to  direct  his  attention  towards  oertatn  objects  In  the  environment  based  upon 
characteristics  such  ae  location,  shape,  oolor  or  movement , 

Further  processing  of  these  objects/'eatures  will  typically  be  directed  by  their  sallenoy  with  respect  to  the  goate. 
objectives  and  tasks  currently  active  In  working  memory  and  by  their  sailency  In  light  of  pertinent  sohema  active  In  long  term 
memory,  Sohema  are  memory  stores  which  organise  bodies  of  knowledge  Into  Integrated  meaningful  frameworks.  Schema  can 
provide  coherent  frameworks  of  understanding,  encompassing  highly  oomplex  system  components,  slates  and  functioning.  For 
inalanoe,  a  schema  for  'mlseile  employment'  might  Include;  dynamlo  relative  positions  ol  own  and  threat  alroratt  (location, 
attitude,  airspeed,  heading,  flight  path)  and  current  weapon  selection  Including  weapon  envelope/capablltttes,  ourrent  Pk,  and 
rata  ol  Pk  change.  If  thle  schema  was  active,  the  pilot  would  be  Inclined  to  seek  out  end  process,  those  portions  of  the  environment 
which  wore  required  by  the  sohema, 

Hayes,  Waterman  and  Robinson  [10)  and  Robinson  and  Hayes  |t7j  found  that  sohema  will  be  used  to  make  Judgements 
concerning  whloh  Information  lx  relevant  to  a  problem,  Hlnsley,  Hayes  and  Simon  |1l|  found  that  people  will  categorise 
Information  almosl  Immsdlalely  Into  a  sohema  that  directs  problem  solving. 

In  addition,  the  pilot  SA/decIllon  making  process  oan  be  viewed  as  a  dual  process  whereby  active  sohema  and  eorlpts  are 
dictating  whtoh  Information  to  localise  attention  on  (conceptually  driven),  and  simultaneously  the  presenos  of  oertatn  objeols  or 
attributes  In  the  environment  will  aotlvata  new  schema  In  long-term  memory  (data  driven)  [1  ].  If  the  pitot  deteoted  a  new 
threat,  lor  exempts,  he  might  cease  lo  operate  on  the  'missile  employment'  schema,  and  a  'threat  assessment*  schema  might  be 
aotlvated, 

The  schema  selected,  when  detailed  enough,  oan  be  used  lo  direct  situation  oomprahenslon,  future  projection,  and  deolslon 
making.  A  'threat  assessment  scheme"  might  Include  Information  is  to  what  patterns  of  threats  and  threat  movements  constitute 
ollenslve  versus  defensive  activities,  for  example.  Future  threat  movements  might  be  predictable  from  the  scheme  through  a 
classification  ol  current  threat  movements  Into  known  tactics.  Appropriate  tactics  for  countering  given  threat  actions  might  also 
be  resident  In  the  schema,  greatly  simplifying  decision  making. 

Ties  between  the  schema  and  scripts,  sequences  ol  appropriate  actions  for  task  performance,  wilt  also  greatly  facilitate 
the  cognitive  process.  The  pilot  will  not  havo  to  actively  decide  on  appropriate  aottone  at  every  turn,  but  will  automatically  know 
tha  actions  lo  take  tor  a  given  situation. 
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FIGURE  2  MECHANISMS  OF  SITUATION  AWARENESS 


When  schema  art  nol  prieenl  to  draw  upon,  worklno  mamory  will  ba  heavily  loaded,  a>  active  processing  will  be  roqulrsd 
lo  oomprehend,  prelect,  and  oarry-out  daolalon  aollvlllai.  Frackar  (S)  baa  hypolhsilxod  lhal  worklno  mamory  oonslllules  the 
main  bottleneck  far  altuallon  eweraness,  Hartman  and  8aorlat  |»|  Hava  propoaed  that  highly  experienced  pilots  ‘-'ill  uaa  largely 
automated  prooaaaaa  (auoh  ai  an  automated  peroepllon/aotlon  sequence  dlreolad  by  long  larm  mamory)  lo  olrcumvant  tha 
llmltatlona  cl  working  mamory.  (Tha  rlak  ol  extensive  aulomallo  prooaaalng  la  lhal  II  landa  lo  prooead  with  llmllad  uaa  ol 
feedback.  Pilola  may  b#  Ian  data  responsive  In  auoh  sltuatlont.) 

Wharaaa  novloa  pilots  may  have  to  rely  on  simple  rules  and  heurlillos  (rules-of-thumb),  tha  experl  pilot  will  typically 
have  a  muoh  rlohar  base  ot  Information  to  draw  upon,  expressed  In  schema  In  long-term  mamory.  These  schema,  detailing  lha 
relavanl  system  components,  attributes,  and  lunotlonlng  In  auoh  a  way  at  lo  provide  cues  tor  pattern  matching  to  tha  schema,  con 
provide  predictability  ol  ayatarn  dynamics,  and  Ilea  lo  approprlals  scripts  for  situational  ouloumes,  SA  will  ba  largely 
dependant  upon  tha  existence  of  wall  developed  raprasantatlona  In  long-term  mamory,  detailing  a  modal  ol  tha  lunotlonlng  ol 
objects  alone  and  with  olhara  In  lha  environment  and  providing  for  tha  protection  ol  future  aollons  of  that  object.  When  auoh 
lohema  do  not  exlat,  8A  will  be  limited  by  the  constraint!  of  working  memory. 

In  the  oomplex  environment  Ol  the  fighter  pilot,  altentlonal  damanda  due  lo  Informational  overload,  oomplex  decision 
making  and  multiple  tasks  oan  quickly  exceed  llmllad  cognitive  resource  capacities.  Problems  with  non-opllmal  Inlormallon 
sampling,  visual  dominance,  and  altentlonal  narrowing  under  auoh  high  demands  also  seriously  limit  pilot  SA. 

In  summary,  situation  awareness  Is  s  oomplex  process  ol  perception  end  pattern  matching  greatly  limited  by  working 
memory  and  altentlonal  capacities,  Altenllon  sharing  and  automated  prooseslng  may  serve  lo  alleviate  these  llmllations  to  some 
degree.  Ovorell,  It  oan  be  seen  that  the  combat  pilot  must  develop  SA  on  tha  bnsll  ot  wall  founded  and  dalallad  schema  or  menial 
models  of  Ihe  environment  If  he  la  to  be  successful  In  his  tasks. 

A  currant  ohsllungs  Is  to  define  and  further  understand  lha  approprlals  schema  tor  good  SA.  A  goal-directed  leek  analysis 
wae  oondueltd  toward*  tula  and.  an  example  ol  which  la  ahown  In  Figure  3.  The  SA  required  lo  aupport  tech  goel/eubobjscllye 
aoroas  t  variety  ol  air-to-air  editions  wat  deaorlbed  In  dalall.  The  next  slap  In  ihls  ongoing  effort  will  ba  to  amplrically 
validate  these  llndlnge  and  ooniltuct  more  detelled  mental  modale  which  take  Into  account  the  interactions  and  relationships 
among  Ihe  oomponenle.  Wien  suoh  models  can  be  oonslrucled  ler  all  ol  Ihe  pilots  major  tasks,  a  mtlor  knowledge  base  lor 
training  and  daalgn  decltlone  will  ba  available 


SITUATION  AWARENRBI  MEASUREMENT 

Tha  challengi  ol  datlgnlng  ayelsma  whloh  enhance  SA,  given  (Its  oomplex,  multl-dlmenalonal  nature  ol  lha  construct,  la 
great.  To  achieve  Ihls  goal,  designer#  need  lo  be  eble  lo  oblecllvely  evaluate  design  concepts'  Impact  on  pilot  SA,  The  Situation 
Awareness  Global  Assassmanl  Technique  (SAGAT),  has  been  developed  [B|,  |6|,  |7)  as  sn  ob|ecllve  measure  ol  pilot  SA  In  manned 
simulations,  SAGAT  provldas  a  comparison  ol  Ihe  real  situation  (at  II  exists  In  tha  simulator)  lo  the  situation  lhal  lha  pilot 
perceives,  his  SA.  8AGAT  assesses  pilot  SA  In  Ihe  following  manner; 
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QOAl  DIRECTED  TAIK  ANALYSIS: 
ENGAGE  ENEMY - 


MY  AIRCRAFT 


•  Tht  pilot  lll*i  *  minion  icinirlo  uilng  i  ipadlicd  aireraft  lyitim  In  min-ln-lhi-loop  ilmulitloni. 

•.  Al  rindom  polnli,  iha  ilmulillon  li  Hopped  and  th#  oockpil  and  out-lhe-window  dliplayi  ar*  blinked. 

•  Thi  pilot  li  aiked  a  nrlei  ol  quiillom  lo  delirmln*  hli  knowledge  ot  the  iltualkm  at  that  exact  moment  In  time.  The 
quiilloni  oorreipond  to  the  pllot'i  ipeolllo  8A  requirement!  Inoluilv*  o!  peroiptlon,  comprehenilon  and  projection 
element!,  Th*  8AGAT  querlei  ar*  currently  programmid  on  a  Maolntoih  computer,  available  at  each  pilot  nation,  to 
allow  lor  th*  rapid  Input  and  norag*  ol  highly  ipatlal  Information.  An  example  ol  a  SAQAT  query  li  ihown  In  Figure  4. 
Each  query  hai  been  deilgned  lo  allow  lor  rapid  pilot  Inpul  by  framing  the  quellloni  and  reiponm  In  a  manner  whloh  la  a* 
oompailbl*  with  pilot  knowledge  repreeentatloni  *•  poiilble, 

•  Al  It  li  Impoailble  to  query  the  pilot  about  all  ol  hla  GA  requlreminle  In  a  given  Hop,  *  portion  ol  th*  8A  queitlom  ar* 
randomly  lelected  and  aiked  ol  th*  pilot  eaoh  lime.  Thlt  rindom  iimpllng  method  provldei  ooniletinoy  end  ilatlilloal 
validity,  (hue  allowing  SA  toorei  to  be  eailly  oompared  acroii  Irlali,  pilot*,  lyitami  and  mlialoni.  Some  ol  the  queitlom 
In  any  particular  query  pertain  lo  highly  Important  SA  Information  and  tome  ol  th*  queillone  pertain  to  more  leoondary 
SA  Information. 

Thli  prevenli  Inadvertently  cueing  th*  pilot  and  keips  him  from  bluing  hli  attention  to  Inuai  under  evaluation. 

•  At  th*  oomplellon  ol  the  trlali,  thi  query  aniwere  are  evaluated  on  th*  bull  ol  whal  wai  actually  happening  In  Ih* 
elmulatlon.  Thli  li  aooompllihad  by  oomparlng  Iha  pilot'*  iniwen  to  deli  oolleoted  Irom  the  ilmulillon  oompuleri. 
(Where  naomiary  thli  may  be  augmented  by  eubjiollv*  ivaluitlom  Irom  a  team  ol  expert  plloli,  a.g.  lor  a  determination 
ol  th*  priority  threat.)  The  companion  ol  the  real  ind  nircalvid  iltuillon  orovldai  an  obleotlve  maaiura  ol  pllol  SA. 

Thus,  SAQAT  provldn  an  objective,  global  manure  ol  th*  pllot'i  SA.  Th*  Alr-lo-AIr  Taolleel  Verilon  ol  SAQAT  comlils  ol 
30  querlei.  Inoluilve  ol  the  pllot'i  knowlidg*  ol  hli  ownihip  itatui  and  hli  awerinin  ol  the  location  and  attributes  ol  his 
opponent,  hli  higher  level  comprehenilon  ol  Ih*  iltuatlon,  and  hit  ability  to  pro|*ct  future  elatei  ol  Ih*  taollcal  environment. 
By  objectively  ivaluallng  pilot  SA,  and  uilng  thli  Informitlon  to  eelect  and  refine  deelgn  oonoepti  and  overall  aircraft  lyitem 
deilgn,  the  goal  ol  optimizing  pilot  SA  can  become  ichievible. 


FIQURE4  SAOAT  QUERY  EXAMPLE 


Research  at  Northrop  ovsr  Iht  put  several  yaan  hat  bain  directed  at  validating  that  SA  Inlormatlon  can  ba  colloctad  by 
Ihla  typ*  ol  method  and  al  determining  Iho  exact  condlttona  under  which  It  should  be  admlnletered,  In  determining  whether  SA 
Inlormatlon  will  be  reportable  via  the  SAGAT  methodology,  several  possibilities  mutt  be  considered: 


t)  Data  may  be  procasted  by  subjects  In  short  term  memory  (STM),  never  reaching  long  term  memory  (LTM).  In  this  case, 
Information  would  not  be  available  during  any  SAGAT  lasting  which  exceeded  the  STM  storage  limitations  (approximately  30 
seconds  with  no  rehearsal).  If  a  sequential  Information  processing  model  Is  used,  than  It  is  possible  that  Inlormatlon  might  enlor 
Into  STM  and  never  be  stored  In  LTM  where  It  would  be  available  lor  retrieval.  There  Is  a  good  deal  ol  evidence,  however,  thal 
STM  may  not  precede  LTM,  but  merely  be  an  activated  subset  of  LTM  |3|,  114],  |t8],  In  this  type  ol  model,  Information  proceeds 
dlreolly  from  sensory  memory  lo  LTM,  which  Is  neoassary  lor  pallern  recognition  and  aodlng.  Only  those  portions  ol  the 
environment  which  ere  salient  are  than  highlighted  in  STM  (either  through  localised  attention  or  automalio  activation),  This  type 
of  model  would  pradlot  thal  SA  Information  which  hae  bean  perceived  and/or  further  processed  by  the  pilot  would  exist  In  LTM 
stores  and  thus  be  available  for  recall  during  8AQAT  testing  which  exneeds  30  seoondi, 

2. )  The  data  may  be  processed  in  a  highly  automated  fashion,  and  thus  not  be  In  the  subject's  awareness.  Expert  behavior  can 
function  In  an  automated  proceealng/aotlon  sequence  in  some  oaeee,  Several  authors  have  found  that  even  when  effortful 
proossslng  Is  not  used,  the  Information  Is  retained  In  LTM  and  Is  oapabls  ol  alleot!ng  subject  responses  |12|,  |i 3],  (IS).  The 
type  of  questions  used  In  SAGAT,  providing  oued-reoall  and  gaiegorloal  or  scalar  responses,  should  be  reoeptlve  to  retrieval  ol 
this  type  ol  Information. 

3. )  The  Information  may  be  In  LTM,  but  not  be  easily  recalled  by  the  subjects,  Evldertoe  suggests  that  when  •ffortful  proossslng 
and  awareness  are  used  during  the  atorage  process,  recall  Is  enhanced  (3),  SA,  composed  ol  highly  relevant,  attended  lo  and 
prooessed  Information,  should  be  meet  reoeptlve  lo  recall,  In  addition,  the  SAGAT  battery,  requiring  categorical  or  scalar 
responses,  It  a  cued  recall  task,  as  opposed  to  total  recall,  thus  aiding  retrieval.  Under  eondltlona  of  SAGAT  iestlng,  the  subjects 
are  aware  that  they  may  be  asked  to  report  their  SA  at  any  time.  This  too  may  aid  In  Ihs  storage  and  reltleval  prooess.  Since  the 
SAGAT  battery  Is  administered  immediately  after  the  freetre  In  ihe  simulation,  no  lime  lor  memory  decay  or  oompetlng  event 
Interference  Is  allowed.  Thus,  the  conditions  should  be  optimised  for  Ihe  retrieval  ol  the  SA  Inlormatlon.  While  It  cannot  be  said 
conclusively  that  too  percent  of  the  eubjeot's  8 A  can  bo  reltaeted  In  this  manner,  Ihe  vast  majority  should  be  reportable  vis  the 
SAGAT  technique. 

To  Investigate  these  Issues  and  others  surrounding  Ihe  use  of  this  technique,  two  studies  ware  conduoted. 

aiuan  •  A  study  was  oonduoted  to  determine  how  long  after  a  ■ireeis"  In  the  simulation  SA  Information  could  be  obialned  Irom 
the  pilot.  A  set  cl  air-to-air  engagemanls  was  oonduoted  In  Northrop's  manned  Interactive  multi-engagement  elmulstor  laolllty. 
A  fighter  sweep  mission  with  a  two  versus  tour  loros  ratio  was  used  lor  Ihe  trials.  Fifteen  trials  ware  conducted,  At  a  random 
point  In  each  trial,  the  simulator  was  "Iroien"  and  SAGAT  data  Immediately  oollected  from  all  six  participants,  providing 
approximately  SO  data  points  per  query,  The  subjects  ware  all  experienced  fighter  pilots  currently  employed  by  Northrop.  All 
subjeots  answered  all  Ihe  queries  In  the  SAGAT  battery  in  a  random  order  at  each  stop.  (Each  query  was  lharsture  asked  at  a 
variety  times  after  the  stop  across  subjeota  and  trials.)  Following  Ihe  oomplstlon  of  the  SAGAT  battery,  a  new  trial  was  begun. 

The  SAGAT  data  wee  analysed  lo  determine  al  what  point  SA  components  decayed  In  the  subleota'  memory,  ll  was 
hypothesized  that  Level  f  SA  components  would  deteriorate  fairly  rapidly,  end  only  Level  2  and  3  SA  components  would  be 
aoceaslble  for  longer  parted*  of  lime,  as  Ihla  Information  would  be  mors  highly  processed.  The  results  ol  the  study,  an  example  ol 
which  Is  ahown  In  Figure  B  did  not  reveal  the  axpaoted  decay  for  Level  t  components,  however,  even  when  a  given  query  was 
answered  five  or  six  minutes  altar  the  break  In  the  simulation.  Similarly,  Level  2  and  3  components  did  not  reveal  a  decay  over 
the  SAGAT  testing  period. 


Two  explanations  can  be  offered  for  these  findings.  First,  this  study  Investigated  expert  subjects1  knowlodge  ol 
Inlormatlon  which  was  extremely  Important  lo  lask  performance  during  a  reallsllo  simulation  ol  those  tasks.  Moal  laboratory 
studies  which  predict  fairly  rapid  decay  limes  (approximately  30  seconds  ler  shorl-lsrm  memorv)  Ivnlcnllv  employ  Iho  use  ol 
stimuli  which  havs  Hills  or  no  Inherthl  mooning  lo  Ihe  auibjeot  (nonsense  words  or  pictures)  The  itorooe  and  utilization  ol 
relevant  Information  mey  be  quite  dlllersnl  than  that  ol  Irrelevant  Information  |2|, 


FIGURE  B  KNOWLEDGE  OF  OWNBHIP  ALTITUDE 
ASA  FUNCTION  OF  TIME  AFTER  STOP 
IN  THE  SIMULATION 
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Sacond,  the  results  Indicate  that  Id*  8A  Information  wee  obtalnabla  from  longterm  memory  atcraa.  It  achama,  or  othar 
maohanlima,  wars  uaad  to  organise  SA  Information  |aa  oppoiad  to  worklno  mamory  prooaaaaa  only),  than  that  Information  would 
ba  raaktanl  In  long-term  mamory  (LTM),  Tna  tact  mat  Laval  t  Information  waa  roaldant  In  LTM  aa  wall  aa  Laval  i  and  3 
componanla  Indlcalaa  that  althar:  (1)  tha  Inpula  to  hlghar  laval  procaaalng  wora  rntalnad  aa  wall  aa  lha  outputa,  or  (2)  iho  Laval 
t  componanla  wera  ralalnad  aa  Important  plecaa  of  pilot  8A  In  thalr  own  right  and  ara  algnlfloanl  oomponanta  ol  LTM  achama 
la  g,  large!  altitude  Itaalt  la  Important  to  know  and  not  juat  tha  Implications  of  target  altitude).  Both  ot  Ihaav  explanations  may  ba 
correct.  These  findings  support  tha  predictions  ol  a  procaaalng  modal  In  which  Information  paaaaa  Into  LTM  stores  before  belno 
highlighted  In  STM, 

(Aa  a  oavaat  It  should  ba  nolod  that  lha  subjects  wars  aotlvaly  working  with  thalr  SA  knowledge  by  answering  tha  SAQAT 
queries  lor  tha  entire  period  that  lha  elmulatlon  was  slopped,  No  Intervening  period  ol  walling  nor  any  oompetlng  activity  was 
introduced  prior  to  •dmlnlaiarlng  any  8  AG  AT  query.  Tha  pilot's  knowledge  ol  SA  inlotmatlon  may  ba  Interfered  with  II  lima 
delays  or  other  setivlilss  (particularly  flight  tasks)  ara  Imposed  Before  8AGAT  Is  administered,) 

The  major  Implication  of  those  rasulte  Is  that,  under  these  conditions,  8A  data  la  readily  obtainable  through  tha  SAGAT 
technique  for  a  considerable  period  of  time,  up  to  S  or  S  minutes,  after  a  slop  In  lha  simulation, 

study  a  -  A  second  study  waa  Initiated  to  address  an  issue  of  simulation  practicality.  Ones  s  trial  has  been  Interrupted  to  collect 
this  type  of  data,  can  It  be  resumed  again,  or  must  a  new  trial  be  started?  To  address  this  question,  a  eat  ot  alr-lo-alr 
engagements  were  conducted  In  tha  same  manned  multlpla-anpagamont  simulator  environment,  A  fighter  sweep  mission  with  a 
two  vsraus  four  loros  ratio  waa  used  for  tha  trials,  Five  subject  laama  completed  lha  test  matrix  shown  in  Figure  8,  Tha 
independent  variables  ware  duration  ot  tha  slops  (1/2,  1  and  1  minutes)  and  lha  frequency  ol  stops  (1,  2,  or  3  times  during  tha 
trial).  Trials  In  whloh  no  atopa  occurred  ware  uaad  as  a  control.  Sach  team  participated  twice  In  aaoh  oondltlon.  Conditions  ware 
administered  In  a  random  order,  Pilot  performance  was  colleuiod  as  the  dependent  measura, 
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As  depleted  In  Figure  7,  liters  waa  no  significant  difference  In  pilot  performance  (u  •  .08)  balwsan  trials  In  whloh  there 
wets  stops  to  oolleot  SAGAT  data  and  those  In  whloh  lhara  were  no  stops,  The  number  ol  slops  during  tha  trial,  shown  In  Figure  B, 
had  no  significant  Impaol  on  pilot  parformanca  (a  -  .08),  nor  did  the  duration  ot  the  slop,  as  dapioiad  in  Figure  e.  Thia  would 
Indloala  that  the  slops  to  oolleal  SAGAT  date  (aa  many  aa  three  lor  up  to  2  minutes  In  duration)  will  not  have  a  slgnllloanl  impaol 
on  later  pilot  parlormanoe.  The  lack  of  a  slgnllloanl  Influence  ol  litis  prooadure  on  pilot  perloimanca  probably  roots  on  the  fad 
that  tha  relevant  schema  era  aotlvaly  utilised  by  aub|aola  during  lha  entire  Iresxe  period,  Under  these  oondillona,  the  pilot's  SA 
does  not  have  a  ohanoa  to  daoay  balora  lha  simulation  la  resumed.  Thus,  thalr  SA  la  lalrly  Intact  when  tha  simulation  continues, 
allowing  lham  to  prooaad  with  thalr  (light  tasks  where  they  left  oft. 

Theae  raaulta  ara  being  viewed  with  some  caution.  More  suoh  tesla  are  probably  needed  to  asssaa  with  oertalnty  that  the 
Iruese  Hid  restart  does  not  tnlluanoe  subsequent  parlormanoe,  Subjectively,  lha  pilots  did  lalrly  well  with  this  procedure,  and 
were  able  to  readily  pick  up  lha  battle  where  they  left  oil.  Tha  recommendation  tor  OAGAT  administration  at  this  point  te  that  II 
SAGAT  data  la  coliaotad  In  thle  manner,  some  trials  should  ba  conducted  during  whloh  SAQAT  la  not  collected,  so  that  a  check  is 
provided  lor  any  Inlluenoas  that  a  freeze  and  reatert  In  tho  elmulatlon  may  cause,  SAGAT  may  still  be  administered  without 
restarting  tha  trial  allerwards,  II  assessment  ol  SA  Is  the  primary  objective. 


BLUE  LOSSES 


BLUE  KILLS 


FIGURE  7 


PILOT  PERFORMANCE 


N.30  TRIALS  PER  «.ll 


N.  30  TRIALS  PER  CELL 


FIGURE!  EFFECT  OF  NUMBER  OF  STOPS  ON  PERFORMANCE  FIGURES  EFFECT  OF  DURATION  OF  STOP  ON  PERFORMANCE 


RESEARCH  IN  BITUATION  AWARENESS 

Wllh  e  oonorito  dellnlllon  ol  SA  ind  ■  tool  lor  measuring  SA,  much  mw  rimreh  otn  b«  conducled, 

DESIGN  •  Th«  many  now  and  promising  laohnologloi  ind  ooncepti  Doing  ixmildtiod  with  tho  hop*  ol  Improving  pilot  SA  oen  bo 
divotopod,  tvBlualod,  ind  rollnsd  to  boil  moot  that  nood,  Inoludlrtp:  1)  avlonloi  lyiltmo,  2)  odvoncod  oontrot  and  dliploy  devices, 

3)  dliploy  lormali,  ond  4)  Al/uxpirt  lyilomi  lor  tho  coohplt.  To  dot#  SA9AT  hit  boon  used  to  aoioii  alternative  mnaor 
oonllgurallons  dliploy  hardware  optloni  and  new  tael  cal  situation  dlaplay  lormali,  In  aaoh  ol  thaaa  cam  It  provided  new 
inalohta  Into  design  lnuaa  surrounding  thus  oonoapta. 

training  •  The  goal  ol  Improving  pilot  tlluallon  awaranan  can  ba  mat  by  Inooiporatlng  SA  into  training  programi  In  leveral 
stayi,  (Sao  Endilay  |4|  lor  a  detailed  dlaouialon), 

1)  8AGAT  provldai  a  criterion  maaiura  for  directly  evaluating  training  programi  and  milling  pilot  lohlavimenl, 

2. )  SA-orlanted  training  programi  can  bi  davalopad  that  inilruot  pilots  In  the  oomponanli  of  Imporlanl  aohama,  tha 
dynamloa  and  functioning  ol  laolloal  alamanti  and  prs|aollon  ol  future  aollona  bind  on  than  dynamloi,  Thli  typa  ol  SA- 
oriented  training  li  greatly  madid  lo  lupplemanl  traditional  laohnology-orlinlad  training, 

3. )  Picdbiok  la  an  Important  oomponanl  ol  the  laamlng  prooan,  Tha  SACtAT  technique  oan  bt  modlllad  lo  provlda  laadbaok 
to  pilot!  on  their  8A  during  almulatloni.  Thll  typa  ol  training  would  allow  pilot!  lo  undantand  ihair  mlilakaa  and  better 
•nail  and  Interpret  tha  anvlronmant, 

4. )  SA  li  not  •  paulva  proom.  Plloti  muit  actively  work  lo  lohlava  It.  Thi  ikllli  required  lor  aohlivlng  and  maintaining 
good  SA  need  to  ba  Identified  and  formally  taught  In  tha  training  program. 


CONSTRUCT  EXPLORATION  -  There  li  muoh  that  ll  currently  not  known  ihout  8A.  Which  oomponanti  ira  moil  Important?  What  la 
tho  oompoilllon  ol  mental  modala?  What  mokei  one  pilot  lo  much  better  than  anolhar?  How  !•  higher  lavel  BA  generated  Irom 
lowar  levsl  components? 

BAQAT  Is  currently  being  uied  to  begin  to  aniwtt  thug  type  of  queillom.  In  Bn  attempt  to  asoerteln  why  soma  plloti  are 
better  at  SA  than  olhera,  reaearoh  s  currently  under  way  to  compare  pilot  abllltlee  at  SA  to  a  let  ol  meaiurea  asiesslng  their 
ablllllee  In  e  number  ol  eieei  which  ere  hypolheilicd  lo  have  lome  import ance  lo  SA,  Including: 

t)  Spatial  abllltlee  -  tha  dagraa  lo  which  an  Individual  oan  mentally  vliualli*  and  manipulate  oblecu  ipatleily  ai  wall  at 

om'a  own  orientation  relative  lo  the  objecla  (ipellel  mapping), 

2)  Paroeplual  ibllltlei  -  Including  vlgllanca,  perceptual  apaad,  encoding  speed,  ind  pillirn  rnoognlllon. 

3)  Attention  ibllltlei  -  Including  iileollvi  altintlon  oapsclly,  ind  attention  iharlng  ability. 

4)  Loglonl  ablllllei  -  Including  general  malyllo  oipablllllai,  ind  capabilities  lor  predicting  lyilnn  functioning  ind 

■null, ,g  and  dlagnoilng  pattern!. 

5)  Parionallty  taotora  -  Specifically,  cognitive  oomplmlty  and  field-independence,  since  these  have  Plan  releted  lo 

problem  solving  end  workload  managiment, 

8)  Memory  ■  Including  thort-tarm  memory  oepeclty . 

In  e  iipereti  study.  Individual  8A  oomponmli  ere  being  corrileled  wllh  pirtormenoe  loom  lo  delermlne  whloh 
oomponinli  an  moil  Imporlant.  Ongoing  nseeroh  li  exploring  the  mental  modeli  ptloli  uee  lo  perform  their  leeks,  A  greet  deal 
mon  reiiarch  ol  Ihli  type  li  needed,  It  dulgneri  end  mglneiri  are  to  be  highly  etteollve  In  the  goal  ol  Improving  SA. 


CONCLUSION 


Ths  potential  lor  anhsnoing  pilot  SA  through  well  developed  airmail  deilgni  and  training  program*  hinge*  on  an  objective 
evaluation  program  that  oonaldera  the  global  SA  requirement*  ol  the  pilot.  By  carefully  defining  SA  and  ualng  Ihla  knowledge  to 
design  Integrated  alrorall  aystema  that  meet  the  dynamic  needs  of  the  pilot,  great  Improvements  in  mission 
performanos/survlvabillty  will  be  pos.ilble. 
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SUMMARY 

Human  engineering  eotlvitlea  In  aircrew  system  design  traditionally  have  been 
oonoernad  with  the  reduotlon  and  management  of  operator  workload.  Reoent  advances  Ln 
automation  technology  have  radically  changed  the  role  of  the  human  operator  and 
highlighted  the  eaaentlal  human  function  for  making  adaptive  deolalona  ln  eltuatlona 
Involving  uncertainty.  Improving  and  enhancing  operator  'aituational  awereneaa’  hae 
beoome  the  major  orew  atatlon  design  driver  for  aohtevlng  survivability  end  mlealon 
effeotlveneaa  criteria.  The  purpose  of  tha  research  raported  ln  this  paper  la  to 
lnveatlgate  how  aircrew  underwear, d  "aituational  owaraneis"  (SA)  and  to  devalop  tools  for 
its  subjective  ssblmation. 


1.  INTRODUCTION 

Situational  awareness  Is  s  relatively  new  oonoern  ln  human  factors  (1,2).  Its 
origins  are  probably  ln  alrorew  Jargon  -  some  say  USAP  PIS  operator*  -  because  they  need 
It  and  aometlmas  laok  It.  Basad  on  a  series  of  Interviews  with  air  combat  experts,  in 
1979  KELLY  et  si  (3)  developed  a  taxonomy  of  skilla,  traits  and  parformanos  measures 
Important  for  air-to-air  oombat  whioh  included  aggreatlveneea ,  decisiveness ,  hands-on 
flying  skills,  knowledge,  ability  and  "iltuatlon  awarenaaa"  whioh  was  described  as 
"probably  the  sum  of  numeroue  perceptual  and  oognltlva  skllU". 

Operational  r-'qulremontn  for  aituational  awarenaaa  have  Implications  Tor  flight 
earety  aa  well  as  oombat  effeotlvensBc .  In  19M,  “Lois  of  situational  awarenesr"  woo 
olted  as  a  probable  contributory  factor  ln  20  out  or  tl  USAP  op*rator-raotor  aooldent 
raviawa  (t).  Loaa  of  SA  la  related  to  and  a  potential  contributor  to  spstlnl 
disorientation  (SDO),  However,  SA  la  Intended  to  be  the  broader  term,  enoompasalng  moro 
than  apatial  disorientation  rorarenoea,  and  lnaludlng  mora  clearly  peyohologloal  aopaots 
of  attention  and  ocgnltlon  aa  well  as  sensory  physiology  considerations,  Reoent 
aoaidente  111  advanoed  alngls-aeat  taotloal  fighter  alroraft  (P16.P18)  Involving  oontrolled 
flight  Into  terrain  (0P1T)  hava  prompted  oonoern  over  lose  of  "attitude  awareness'1  i5). 

In  these  aootdsnt*  .  the  pilots  seem  to  have  oollided  unknowingly  with  the  ground  under 
alroumatanoea  not  cyploally  aseoolated  with  SDO  viaual/vestlbular  oonfllot. 

Awareness  problems  ln  advanced  alroraft  have  important  Implications  for  crew-systems 
design  and  crew  training.  The  major  craw  ayetsm  Integration  Implications  oo.oern  the  role 
of  automation,  Its  effect  on  operator  funot locality ,  and  the  management  and  cognitive 
quality  of  aookplt  Information,  In  reliroepeot,  it  seems  lnexoussble  that  advanoed 
eyeteme,  such  as  the  Pit  and  P19,  oar  sense  Impending  ground  impact  from  height,,  speed  and 
attitude  data,  and  yat  fall  to  oommunloate  the  situation  to  the  pilot,  The  major  training 
implications  of  awaraneaa  problems  oonoern  task  prioritisation  and  attention  management, 
prooadurae.  Muuh  of  the  CPIT  debate  has  fooused  on  the  usability  and  priority  of  HUD  and 
ADI  attitude  reference!.  It  la  disappointing  that  wen  after  over  2D  years  riyliu 
experlenoe  there  la  still  uncertainty  about  whethe-  r  not  the  HUU  should  be  used  as  n 
primary  flight  reference. 

Losing  situational  awareneja  has  muoh  ln  oommon  with  tha  factors  oontrlbutlng  to 
geographical  disorientation  (6).  Therefore,  It  la  not  surprising  that  Improving 
aituational  awareness  was  rooognlued  as  a  orow-eyitem  integration  objective  out  of 
researoh  on  tha  daalgn  of  advanoed  aircraft  tnatloal  situation  displays.  Looking  forward 
to  the  oookplt  of  the  year  2000,  Raising  and  Emerson  (7)  noted  the'  "the  key  advantage  of 
plotorlal  formats  is  to  provide  the  pilot  with  aituational  awareness  not,  only  ln  the 
taotloal  area,  but  alio  ln  «11  areas  whioh  are  important  for  thu  aucoeesful  completion  ur 
the  mlealon".  Notwithstanding  the  PI 6/P  1 8  experlenoee ,  r.  should  bu  possible  to  enhance 
pilot  awareness  by  design  If  advanoed  automation  and  oontrol/dlaplay  technology  are 
herneaaad  end  applied  ueing  good  engineering  psychology  praotloe.  The  potential  in 
t.eohnology  for  enhancing  pilot  aituatlonul  awarenna  Intuitively,  by  design,  without  major 
training  penaltlea,  la  ldantlfied  ae  the  major  daalgn  driver  behind  advanoed  crew  syst  'me 
programs,  suah  i,e  Super  Oookplt  (b)  end  Pilots  Also. late  (9),  Them  prog, “an, e  sis,  to 
aouple  advanoed  AI  computing  technique*  for  n,,. salon  and  Information  inana^ainBn1,  with 
Intuitive  3-D  virtue, 1  lnterfeoes.  plotorlal  formate  and  voice  taohnology.  This  eiiooessful 
Integration  to  form  an  "electronic  orewmsmber"  le  intended  to  improve  the  pilot's 
altuationil  awareness  leading  tn  improved  deals!  in-making,  survivability  and  uomb'ib 
ef  "cot',  venees . 

Situational  awananeia  la  pro' ably  tha  pre-req  is  te  state  of  knowledge  for  making 
adaptive  decisions  In  eltuatione  involving  uno,.  roslnty  i.e,  a  veridical  model  of  reelity. 

As  euoh,  It  ureatee  tie  potantlel  for  behaving  adaptively  up  bo  a  knowledge  baaed  level,  If 
only  by  trial  and  error  minimisation,  sinoe  aituational  swarenees  le  probably  not  a 
permanent  nor  a  universally  aohl tved  ■  .ate,  It  la  understandable  that  there  it  uncertainty 
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about  what  it  naana  and  about  how  it  la  oraated.  Definitions  of  situational  awareness  are 
probably  about  aa  useful  as  leaturea  far  oatogenarlans  on  how  to  evnouata  eggs.  This  may 
be,  as  William  James  wrote  in  1890  about  definitions  of  attention,  "Everyone  knows  what 
attention  Is..."  His  desoription  of  the  antithesis  is  probably  more  interesting!  "...the 
confused,  dased  and  soatte rbralnsd  state"  (10).  Notwi thB tending ,  HQ  USAF  AFISC/SE  Safety 
Investigation  Workbook  (AFP  127-1  Vol  III  1986)  defines  Sttuntlonal  Awareness  aa  "Keeping 
track  or  the  prioritised  ulgnlfloant  events  and  conditions  in  one'n  environment." 

Confusion  here  may  affect  the  sequence  or  priority  of  tanks  to  be  performed  (flatting 
behind  the  power  curve)."  Put  more  bluntly,  and  focusing  on  process  rather  than  state 
implications,  eituational  awarenena  means  "What-on-earth-la-golng-on?"  (11).  Othar  more 
pragmatic  definition!  deecrl.be  relevant  knowledge  sources,  e.g.  "the  orew's  knowledge  of 
both  the  Internal  and  external  status  of  the  alroraft,  as  well  aa  the  environment  in  which 
U  ia  opurating"  (12),  The  USAP  Tactical  Air  Command  definition  (13)  ldentifiee  five 
eouroea  of  relevant  knowledge! 

(a)  Knowing  where  the  frlendliee  are  and  what  thay  are  doing, 

(b)  Knowing  where  the  thraeta  are  and  what  they  ere  doing. 

(a)  Knowing  what  my  flight  knows  and  our  options  for  abtaokv'dsfanoa, 

(d)  Knowing  what  other  flight!  know  and  what  their  Intentions  are. 

(e)  Knowing  what  part  of  the  abova  la  not  known  or  is  mining. 

Knowledge  atata  descriptions  lnvslvs  a  degree  or  epaoiflolty  whloh  may  be 
Inappropriate  for  other  situation!  and  tasks.  They  aleo  raise  the  Issue  of  the 
organisation  and  atruoture  of  knowledge,  in  particular  the  rols  of  lmpliolt  and  explicit 
knowledge.  Knowing  what  is  not  known  In  not  a  new  concern.  It  was  once  addressed  under 
the  aetiology  of  "unawaranaea  mistakes"  (14,16).  Unawsreneas  errors  continue  to  Interest 
acoident  researchers  (16).  Recently,  research  has  identified  the  dissociation  between  the 
performance  of  complex  skills  and  the  ability  to  make  explicit,  through  verbal  expression, 
oonaolous  declarative  knowledge  of  the  tasks.  The  knowledge  related  to  self-taught  skills 
la  frequently  unavailable  to  conialoua  thought  or  verbal  expression  (17,18). 

A  comprehensive  understanding  of  SA  needs  to  taks  into  aooount  the  active,  dynamic 
characteristics  of  the  proosss  of  maintaining  awareness,  as  well  as  the  role  of  knowledge 
structures  In  deolslon-maklng.  Morehlnge  and  Ratalle  (19),  In  a  description  of  air  oombnt 
end  the  Pilot's  Assoolsts  program  objtdtlvsa,  note  that  "Perhaps  ths  ksy  factor  In  ths 
maturation  of  a  fighter  pilot  la  his  ability  to  anticipate  situations  rather  than  simply 
to  rsact  to  thtm".  Failure  to  anticipate  ths  dangtr  in  sltustiona  was  identified  as  the 
prlmsry  osuss  or  errors  of  lnsttsntlon  in  the  esrly  Cambridge  Cockpit  studies  on  the 
disorganisation  of  bshavlour  (20),  Ths  validity  of  any  undaratandlng  or  aircrew  Jargon 
that  relies  on  non-t.irortw  constructs  will  always  bs  questionable.  However,  there  clearly 
is  work  relevant  to  the  understanding  of  situational  awareness  In  research  on  human 
oognltion  such  aa  on  uognitlve  stylo  (21),  visualisation  (22),  models  of  human  problem 
solving  behaviour  (23)  and  bheurlas  of  attention  (24), 

The  research  atrategy  underlying  the  present  study  Is  influenced  by  experience  with 
the  workload  paradigm.  Optimising  operator  workload  has  been  traditionally  regarded  as 
th«  Holy  Qrsll  of  human  engineering!  A  muoh  sought  arter  but  never  certainly  arhleved 
objeotlvi,  Objsctlvs  and  subjective  techniques  for  measuring  workload  abound,  not  in  the 
least  because  It  Is  a  multifaceted,  multidimensional  construct  (26,26),  Subjective 
workload  measures  era  used  extensively  during  orsw-systems  Integration  activities  be  ">ie 
of  their  practical  advantages  (e.g,  high  face  validity,  aass  of  administration,  low- 
int rui tvanesa )  and  their  apparent  sensitivity  to  changes  In  demand.  Thuy  have  mostly 
evolved  pragmatically.  Consequently,  orltlalsm  of  subjective  workload  methods  hen  focused 
on  considerations  of  validity,  thsorstlcsl  consistency  and  diagnostic  power  (27). 

Enhancing  situational  awareneaa  would  aesm  to  bs,  at  least  at  face  value,  a  higher  design 
objective  than  optimising  operator  workload,  particularly  Tor  syntems  In  whloh  the 
essential  human  funablon  la  to  mane  decisions  In  uncertainty.  Optimum  workload  without 
situational  awareness  la  probably  more  undesirable  than  the  oonvsrss.  The  attractiveness 
of  ths  awareness  paradigm  derives  from  its  potential  to  focus  more  oloarly  un  cognitive 
skills  end  on  goals  and  Intentions,  rather  than  on  activity-related  analyses. 

The  Intention  of  the  present  study  la  to  derive  methods  for  ths  subjective  estimation 
or  eituational  awareness  In  order  to  seslst  in  the  quantification  and  validation  or  design 
objectives  for  crew-systems  integration.  Like  workload,  situational  awareness  is  probably 
a  complex  construct.  Reliable  predictions  about  deolslon-maklng  performance  are  unlikely 
to  be  derive!  from  single  eubjeotlve  measures  of  ultuatlnual  awarensca,  The  Intention  is 
to  use  knowledge  elioltation  procedures  to  examine  the  dimensionality  of  aircrew 
oonstruats  for  situational  awareneaa,  It  la  hoped  that  this  will  achieve  some  coi.etruot 
validity  for  the  eitlmation  tools  that  emerge,  nlnoe  thay  are  Intended  ultimately  for 
aircrew  use,  Aleo,  like  workload  estimation,  the  utility  of  eubjeotlve  measures  of 
situational  awareness  will  depend  on  the  contribution  to  deole lun-msklng  performance  of 
processes  available  to  conaolouaneon.  The  approach  adopted  thiu  roete  on  senumptlons  that 
human  operators  use  some  understanding  of  situations  in  making  decisions,  that  thin 
understanding  is  available  to  oonsclausnees  and  that  It  oan  readily  be  made  explicit  arid 
quantifiable. 

2,  METHOD 

Eighty  four  Teat  and  Operational  RAF  aircrew  were  Interviewed  In  three  phases!  1) 
Soenarlo  Generation,  2)  flonatruot  Elioltation,  3)  Construct  Structure  Validation.  The 
interviews  were  seml-atruuturad,  oonluoted  by  psychologists  according  to  a  rtxed  protocol 
for  knowledge  elicitation,  based  or,  the  Personal  Conatruot/Repertory  Orid  Technique  (20). 


Interviews  were  supported  by  appropriate  briefing  material  Inoludlng  a  video  film 
demonstrating  advanoed  orew-syatama  Integration  oonoepte.  The  Interviews  took  plaoe  at 
MOD(PIS)  Researoh  Establishment  (Royal  Aeroapaoe  Ea tab] lahment ,  Rarnboroughl  Royal  Alroraft 
Establishment,  Bedford!  A  i  AEK  Bosoombe  Down)  and  at  RAR  .Stallone  In  UK  and  Germany  (RAF 
Marham,  RAR  Laarbrujh,  RAF  Bruggen). 

3,1.  SCENARIO  GENERATION 

Desorlptlona  of  flight  soenarloa  Involving  SA  wera  obtained  from  10  test  alrorew, 
mostly  pilots,  at  RAE  Rarnborough  and  RAE  Bedford,  based  on  the  following  agreed  working 
definition  oomprlelng  both  eltuatlonal  and  awareness  oomponentei 

"Situational  awaranesa  la  the  knowladge,  cognition  and  anticipation  of  events,  feotore 
and  variables  affecting  the  aafe,  expedient  and  affaotlve  oonduot  of  the  mission". 

The  43  soenarloe  obtained  In  thla  way  wera  reduced  to  the  set  of  29  familiar,  generlo 
examples  Hated  below, 

R. l  LOW  AWARENESS  RLIOHT  SCENARIOS! 

1.  Approaching  to  land  at  an  unfamiliar  airfield  in  poor  weather  In  an  unfamiliar 
alroraft  fitted  with  poor  handling  qualities  and  dlaplaya, 

2.  In  air  onmhat  over  a  smooth  aea  with  a  poor  horleon,  your  opponent  Is  unsighted. 

3.  On  a  low  level  transit  sortie,  you  are  flying  over  unfamiliar  terrain  with  poor 
visibility,  In  an  aircraft  with  Inadequate  handling  qualities  and  dlaplaya, 

4.  In  formation  flight  on  a  long  duration  tranait  at  high  level  over  sea. 

5.  Making  a  climbing  aooeleratlng  turn  on  a  haay  day  when  the  ground  la  not  olearly 
via ible . 

6.  Whilst  flying  in  formation  In  oloud  an  a  wlngman,  you  momentarily  lose  eight  of  your 
leader, 

7.  On  a  singleton  low  level  transit  aartla  In  VMC  with  no  other  taak  than  transit  from  A 
to  B. 

8.  Carrying  out  an  exerolse  flown  regularly  over  a  familiar  area. 

9.  Flying  for  a  long  period  of  time  in  an  unoomrortable  aont. 

10.  Plying  a  new  alroraft  with  similar  but  different  handling  qualities  to  those  already 
riown, 

11.  Whilst  carrying  out  a  routine  repetitive  task,  a  eubtlu  but  Important  change  nooura  In 
the  environment  which  you  do  not  notice. 

12.  Flying  In  formation  In  an  unfamiliar  alroraft  working  at  the  limit  of  your  capacity. 

13.  You  are  flying  In  waather  V8  puffy  oloud  and  while  completing  ari  avoiding  turn  into 
the  oloud,  you  have  an  extremely  near  mles  with  a  glider. 

14.  On  a  night  flying  exerolne,  while  attempting  to  change  the  radio  frequency  the  Initial 
Input  to  the  computer  rails  and  consequently  a  long  time  is  spent  on  the  Input. 

15.  On  an  Instrument  flying  sortie,  the  autopilot  falls  whilst  you  sre  completing  a 
manoeuvre, 

16.  You  are  crossing  In  oombat  with  a  similar  aircraft,  and  through  pulling  g  to  gain  the 
advantage,  you  overstretch  your  aircraft. 

17.  You  are  transiting  at  low  leval  In  formation  and  approaching  bad  weather.  An  leader, 
you  attempt  to  penetrate  the  bad  weather  but  then  rind  you  have  to  pull  up  and  thus 
lose  the  integrity  or  the  formation, 

18.  You  complete  a  roll  Lu  the  l*rt  but  unknown  to  you  your  head-up  display  la  frov.on  and 
so  even  though  the  reat  of  the  lnatrumsnta  register  the  roll  you  attempt  to  roll 
again, 

P.2  man  AWARENESS  RLIOHT  SCENARIOS! 

1.  Approaching  to  land  In  good  weather  at  a  familiar  airfield,  In  a  familiar  alroraft 
fitted  with  good  displays. 

2.  In  air  oombat,  you  are  behind  your  opponent  and  over  a  ramlltar  area  with  good  horleon 
and  height  ouao. 

3.  In  a  alngle-aoat  aircraft,  leading  a  4  ship  low  level  attaok  formation  In  poor 
visibility,  approaching  the  Forward  Edge  of  Rattle  Area  with  threat  alroraft  known  to 
be  In  the  vicinity. 

4.  Flying  at  law  level  through  mountainous  terrain  wearing  N.V.O.b, 

S,  You  are  nearing  the  end  of  a  sortie  and  beginning  the  descant  through  oloud  ae 
approaching  to  land. 

6.  Flying  straight  and  level  at  20,000  ft  on  autopilot. 

7.  You  are  transiting  at  law  level  aa  leader  In  a  4  man  formation  and  approaching  bad 
waather.  Call  to  close  formation  and  turn  to  avoid. 

8.  Flying  In  deteriorating  weather,  an  emergency  occurs  which  requires  a  quick  safe 
landing  and  so  you  turn  towards  the  heading  where,  from  the  Drleflng,  you  knew  the 
weather  was  OK. 

9.  On  a  low  level  transit  sortie,  you  are  riylng  over  familiar  terrain  In  good  weather  In 
an  alroraft  with  good  dlaplaya. 

10,  In  manoeuvring  night,  a  fault  occurs  and  you  Immediately  rsoover  your  alroraft  to  a 
night  path  and  altitude  which  will  lead  to  a  safe  haven. 

11.  On  a  general  handling  sortie,  requiring  a  Ground  Oontrol  Approaoh,  maintaining 
position  In  the  Instrument  pattern  with  Tour  other  alroraft  overhead  and  a  new 
controller. 


2.2.  CONSTRUCT  ELICITATION 


The  29  selected  scenarios  were  presented  to  15  teat  alrorew,  mostly  pilots,  at  A  1 
AEE  Dosoombe  Down  to  ellolt  knowledge  of  generlo  oonatruota .  Each  oonatruot  wa.a  ellolted 
ualng  the  Repertory  arid  trladlo  method  at  presentation.  Three  randomly  aelooted 
aoenai’loa  were  preaented  to  the  alrorew  subject  on  e&oh  oooaalon.  The  aubjeot  waa  aeked 
to  Imagine  being  In  eaoh  o.ltuation.  Then  the  subject  wua  required  to  Identify  two  of  the 
eoenarloa  whloh  contained  something  Important  for  situational  awareness,  In  aoaordanoe 
with  the  agreed  working  definition,  that  waa  not  a  feature  of  the  other  scenario.  The 
subjeat  wee  then  required  to  Identify  the  discriminating  oharaoterlatle,  and  the  oonatruot 
thus  ellolted  waa  recorded.  The  ellolted  oonatruot  was  then  used  to  define  the  poles  of  a 
7-point  aoala  on  whloh  all  29  scenarios  wera  subsequently  rated.  Additional  oonatruota 
were  ulioited  uelng  different  triads  of  aoenarioe.  The  prooedure  was  repeated  with  eaoh 
subject  until  no  more  original  oonetruote  wera  readily  ellolted.  A  total  of  94  SA 
oonatruot  dimensions  with  associated  eoenarlo  ratings  were  obtained  In  this  way,  ranging 
from  one  to  four  oonatruota  per  subjaot.  The  44  ellolted  SA  oonetruote,  and  their 
aeaoolatsd  rating  dimensions  are  lleted  in  Table  1. 

TABLE  1.  ELICITED  CONSTRUCTS  AND  RATING  DIMENSIONS 


mm 

DIMENSION 

SI. Cl 

Attentional  load 

A  lot  of  thinga  to  attend  to 

-  Few  things  to  attend  to 

SI, 02 

Oonoentratlon 

Low  level  of  oonoontratlon 

-  High  level  of  concentration 

S2.C1 

Risk 

Low  risk  of  failure 

-  High  risk  of  rallure 

S3. Cl 

Familiarity 

Familiar 

-  Unfamiliar 

33.02 

Ooneolnuaneas 

Oonaoloua  decision 

-  Instinctive  decision 

33,03 

Attention 

Low  degree  of  attention 

-  High  degree  of  attention 

awltohing 

switching 

awltohing 

S3. 04 

Motivation 

Low  level  of  motivation 

-  High  level  or  motivation 

34.01 

Arousal 

Low  level  of  arousal 

-  High  lavel  or  arousal 

34, 0? 

Familiarity 

Familiar 

-  Unfamiliar 

34.03 

Rsoeptlvlty 

Unreoaptlve  to  additional 

-  Reoeptlv*  to  additional 

Information 

Information 

05.01 

Info,  quality 

Poor  Information  quality 

-  dood  information  quality 

0  5.02 

Info  availability 

No  Information  available 

-  All  Information  available 

05.03 

Stability 

Dynamic  situation 

-  Static  altuatlon 

36.01 

Workload 

Low  level  of  workload 

-  High  lavel  of  workload 

36.02 

Spare  capacity 

Low  oapaolty  to  monitor 

-  High  oapaolty  to  monitor 

external  ovente 

external  events 

36.03 

Dlatraotlon 

Undlstraoted  from  situation 

-  Dletreoted  from  situation 

36,04 

Arousal 

Low  level  of  arousal 

-  High  level  of  urounal 

37.01 

Variability 

Few  varleblea 

-  A  lot  of  variables 

37.02 

Oonoentritlon 

Low  level  of  oonoentratlon 

-  High  level  of  oonoentratlon 

38.01 

Stability 

Stable 

-  Unstable 

38.02 

Complexity 

Complex  situation 

-  Simple  situation 

SB. 03 

Anticipation 

Attention  oonoentrated  on 

-  Attention  oonoentrated  on 

preeent 

future 

39.01 

Demand 

Demanding 

-  Undemanding 

39.02 

InTo.  quality 

Poor  quality  references 

-  tlood  quality  refarenooa 

39.03 

Oonoentratlon 

Attention  not  oonoentrated 

-  Attention  oonoentrated  on 

on  taak 

task 

310.01 

Info,  quality 

Poor  Information  quality 

-  Oood  Information  quality 

310.02 

Familiarity 

Familiar 

-  Unfamiliar 

311,01 

Division  of 

Divided  attention 

-  Focused  attention 

attention 

311,02 

Complexity 

Low  complexity 

-  High  complexity 

311.03 

Info,  quantity 

No  useful  Information 

-  A  lot  of  useful  information 

312,01 

Spare  oapaolty 

No  epare  oapaolty 

-  A  lot  of  spars  oapaolty 

312.02 

Focusing 

Unfocused  attention 

-  Fooused  attention 

312,03 

Control 

Have  aontrol 

-  No  control 

313,01 

Familiarity 

Familiar 

-  Unfamiliar 

313  02 

Fooualng 

Broad  attention 

-  Fooueed  attention 

313.03 

Complexity 

Low  complexity 

-  High  complexity 

S13.0w 

Info,  quality 

Poor  Information  quality 

-  Oood  Information  quality 

314.01 

Concentration 

Low  level  of  oonoentratlon 

-  High  level  of  oonoentratlon 

314,02 

Rlek 

High  possible  future  rlek 

-  No  possible  future  rlek 

314.03 

Info,  quality 

Poor  lnforma '■len  quality 

-  Oood  Information  quality 

314.04 

Familiarity 

Familiar 

-  Unfamiliar 

315.01 

Attentional 

Low  demand  oil  attention 

-  High  demand  on  attention 

demand 

315.02 

Predictability 

Unpredictable 

-  Predictable 

315.03 

Fooualng 

Broad  attention 

-  Foouosd  attention 

2.3,  CONSTRUCT  HATINQS  ANALYSIS 


The  structure  of  the  elicltad  SA  constructs  was  investigated  by  statistical  analysis 
of  construot/scenarlo  ratings. 

2.3,1.  INITIAL  CONSTRUCTS 

Firstly,  the  construot/scenarlo  ratings  obtained  during  construct  elloltatlon  were 
aubjeatad  to  Principal  Components  analysis  with  Varlmax  factor  rotation,  This  analysis 
revealed  that  4  components  aucounted  for  65J  of  the  total  variability  In  the  data. 
Constructs  calculated  as  leading  strongly  an  thest  4  components  are  listed  In  Appendix 
Tables  1-IV.  The  two  major  components,  contributing  301  end  21H  of  the  variance  produced 
strong  loadings  for  informational ,  ottentional  and,  to  a  lesser  extent,  eltuatlonal 
constructs,  As  a  method  of  visualisation,  the  caloulatad  loadings  on  the  4  faotora  were 
used  to  define  a  specs  which  could  be  clustered  using  e  single-link  clustering  algorithm 
based  on  Euclidean  distance,  Th*  results  art  displayed  In  Figure  1,  Ouldsd  by  this 
analysis,  gansrlo  constructs  wars  selected  for  further  evaluation  using  the  criteria  of 
elicitation  frequency,  strength  of  component  loading  and  lnter-oorrelation  oluotsrlng. 

The  10  generlo  SA  oonstruota  seleotid  In  this  way,  with  associated  descriptions  and 
dimensions,  are  lilted  In  Table  2. 

FIGURE  1.  CORRELATION  CLUSTERS 


COMPONENTS 


CLUSTER  LINKS* 


31. 01 

39.01 

S12.C2 

315,02 

34,03 

36.02 

39.02 

312,01 

35-02 

36.01 

310.01 


33.01 

313.01 

34.02 

38.02 

38.01 

313.03 


35.03 

310.02 

314.02 

36.03 

313.02 

313.04 

315.03 


Attentions!  load 

Demand 

Foouaing 

Prerilotahlllty 

Reoapt lvlty 

Spars  capacity 

Information  quality 

Spare  oapaetty 

Information  availability 

Workload 

Information  quality 


Familiarity 

Familiarity 

Familiarity 

Complexity 

Stability 

Complexity 


Stability 

Familiarity 

Riak 

Distraction 

Foouslng 

Information  quality 
Focusing 


Information  quality 


Variability 


Concentration 

Arousal 

Arouaal 

Control 

Concentration 

Concentration 

Attention  owitohing 

Attentlonal  demand 

Information  quantity 


S2.01 

Risk 

311.01 

Division  of  attention 

311.02 

Complexity 

314.01 

Concentration 

314.04 

Familiarity 

33.02 

Consciousness 

S5.C1 

Information  quality 

33.04 

3  8.03 

Motivation 

Anticipation 

•  Link  length  inversely  proportional  to  link  strength 


TABLE  2.  GENERIC  SITUATIONAL  AWARENESS  CONSTRUCTS 


DIMENSION 

DESCRIPTION 

RELATED 

CONSTRUCTS 

Familiarity 

Unfamiliar 

v  Familiar  situation 

Degree  of  acquaintance 
with  situation 
experience 

S3.Cli  SI, Cl 

sio.caj  si3.ci 
S14.C4 

C2 

Foous lng 

Focused 

v  Divided  attention 

Degree  of  distribution 
or  foouBlng  of  ana's 
perceptive  abilities 

S3 ,  C3 1  S11.C1 
S12.C2;  S13.C2 
S15.C3 

C3 

Information 

quantity 

No  v  A  lot  or  relevant 
information 

Amount  of  knowledge 
received  and  understood 

£5.02}  S11.C3 

04 

Instability 

Unstable 

v  Stable  situation 

Llkellness  of  situation 
to  oliange  suddenly 

52. Cl }  S5.C3 
S8.C1;  S12.C3 
S14.C2 

05 

Concentration 

Low  level  v  High  level 
of  concentration 

Degree  to  which  one's 
thoughts  are  brought  to 
bear  on  the  situation 

S1.C2}  S6.C3 
S7.C2|  S8.C3 
S9.C3;  S14.C1 

C6 

Complexity 

Simple 

v  Compl.A  situation 

Degree  of  complication 
(number  of  oloaely 
connected  parts)  of 
situation 

SB.C2}  S11.C2 
S13.C3 

C7 

Variability 

Few  v  A  lot  of  'things' 
to  attand  to 

Number  of  variables 
whloh  require  one's 
attention 

SI. Cl)  S7.C1 
S9.C1 

C8 

Arousal 

Low  level  v  High 
level  of  arousal 

Degree  to  whloh  one 
la  ready  Tor  activity 
(senaory  excitability) 

S3 . eh ;  S4.C1 
S6.C4 

C9 

Information 

quality 

Poor  v  Good  quality  of 
information 

Degree  of  goodness  or 
value  of  knowledge 
communicated 

S5.C1}  S10.C1 
S13.C4}  S14.C3 

CIO 

Spare 

aapaaity 

No  v  A  lot  of  spare 
capaaity 

Amount  of  mental  ability 
available  to  apply  to 
new  variables 

S4.C3J  56. C I 
SI?, Cl 

2.3.2.  GENERIC  CONSTRUCTS 

Next,  tha  10  generic  SA  constructs  and  29  scenarios  were  presonted  to  10  test  aircrew 
at  RAE  Farnborough  for  further  scenario/oonstruct  ratings.  The  29  scenarios  were  divided 
into  two  arbitrary  seta.  Five  alrorew  rated  each  set  to  give  2  Independent  sets  of  data. 
The  ratinga  obtained  are  summarised  in  Appendix  Tables  V  and  VI,  together  with  the  results 
of  an  Analysis  of  Variance  (ANOVA)  across  scenarios.  The  ANOVA  results  indicate  the 
relative  rensltlvity  of  the  constructs  to  the  differences  between  the  scenarios.  Only 
FoouBlng  (C2)  and  Information  Quantity  (C3)  failed  to  achieve  statistical  significance 
(Set  I  scenarios  only). 

Both  sets  of  ratings  were  subjected  to  Prlnolpal  Components  analysis  with  Variinax 
factor  rotation.  The  resultant  correlation  matrices  are  reported  in  Appendix  Tables  VII 
and  VIII.  The  Principal  Componenta  loadings  are  reported  in  Appendix  Tables  IX  and  X 
with  a  summary  of  the  highly  loaded  constructs  at  Table  3*  Three  componenta  accounted  for 
791  and  7  I  %  cf  the  variance  in  the  Scenario  I  and  II  sets  respectively,  in  both  data 
sets,  Complexity  (C6),  Variability  (C7)  and  Instability  (CU)  were  strongly  inter- 
corrolatcd  and  loaded  highly  on  the  1st  Component.  Similarly,  Information  Quantity  and 
Information  Quality  were  inter-correlated,  and  loaded  highly  on  the  2nd  Component  In  the 
Set  I  data,  along  with  familiarity  (Cl),  and  loaded  on  the  3rd  Component  in  the  Set  II 
data.  Poouslng  (c2)  loaded  highly  on  the  3rd  Component  in  the  Set  I  date,  and  on  the  2nd 
Component  in  the  Set  II  data,  along  with  Concentration  (C5)  and  Arousal  (C8).  Spare 
Capacity  (CIO)  was  inter-correlated  with  Concentration  (C5)  and  Arousal  (CB),  and  loaded 
highly  on  the  1st  Component  in  both  data  sets. 


TABLE  3.  CONSTRUCTS  LOADING  HIGHLY  ON  PRINCIPAL  COMPONENTS  FOR  PLIGHT  SCENARIOS 


SCENARIO  SET 

I 

SCENARIO  SET  H 

1st  Component  (Vars 

47.89*) 

let.  Component  <Var:  36.52$) 

Arousal 

0.919 

Complexity  0.924 

Concentration 

0,914 

Variability  0.915 

Instability 

-0.850 

Spare  capacity  -0,720 

Complexity 

0.849 

Instability  -0,650 

Spare  capaolty 

-0.823 

Arousal  0,607 

Variability 

-0.819 

Concentration  0.571 

2nd  Component  (Van 

39.75*) 

2nd  ComDonant  (Van  20.15*1 

Information  quantity  0.859 

Focusing  0.859 

Information  quality  0.750 

Concentration  -0.688 

Familiarity 

0.728 

Arousal  -0.671 

3rd  Component  (Van 

11.52*) 

3rd  Component  (Var:  15.25$) 

Foouslng 

0.956 

Information  quantity  0.896 
Information  quality  0.748 

2. A.  CONSTRUCT  STRUCTURE  VALIDATION 

Guided  by  the  analysis  of  the  two  independent  sets  of  oonstruct/scenario  ratlrigBi 
which  showed  similar  data  struotures,  and  from  an  understanding  of  the  theory  of  attention 
and  cognition  (29),  on  the  baaie  of  strength  of  component  loading  and  lnter-oorrelatlon 
clusters  It  was  postulated  that  for  purposes  of  simplification  and  theoretical  consistency 
the  SA  oonntruots  should  be  ten.  .ively  considered  as  comprising  3  broad  oategorles  or 
domains,  namely! 

(a)  Demands  on  Attentlonal  Resources  (Instability,  Complexity,  Variability), 

(b)  Supply  of  Attentlonn.l  Reeouroee  (Arousal,  Concentration,  Division  of  Attention, 
Spare  Capacity). 

( o )  Understanding  of  the  Situation  (Information  Quantity,  Information  Quality, 
Familiarity) . 

In  order  to  examine  the  validity  or  this  postulated  structure,  and  to  tost  its 
applicability  to  other  situations,  a  further  study  wee  conducted  using  cicolalon-maklng 
scenarios  generated  for  an  Investigation  of  Humnn-Bleotroriio  Craw  Teamwork  (30). 

2.4.1.  VALIDATION  METHOD 

Descriptions  of  12  scenarios  Involving  tactical  decision-making  behaviour  were 
obtained  from  sight  operational  Tornado  aircrew  at  RAP  Marham.  Six  scenarios  concerned 
Navigator  deoisiona  and  elx  concerned  Pilot  deolsiona.  All  the  decisions  in  the  soensrios 
were  made  without  consultation  with  the  saoond  crew  member.  In  each  Pllot/Nav  deolslon 
category,  three  scenarios  described  "High  Trust"  decisions  and  three  scenarios  deaorlied 
"Low  Trueii1'  deolsiona.  Situational  awareness  was  not  a  specified  scenario  variable.  The 
12  deolslon  scenarios  obtained  in  this  way  are  described  below. 

PILOT  DECISION  SCENARIOS: 

PI  EVASION:  In  a  low  level  evaalon  soenarlo,  the  Pilot  sees  an  enemv  fighter  in  front. 

On  the  baala  of  ability  to  get  a  auccesaful  shot  off,  risk  to  own  aircraft,  ground 
threats,  other  air  threats,  hit  probability  and  what  the  enemy  will  do  If  not  killed 
flret,  without  consultation,  the  Pilot  decides  to  attempt  a  shot  rather  than  to  run  away 
(HIGH  NAVI0AT0R  TRUST). 

P2  WEATHER:  When  flying  low-level,  the  Pilot  sees  a  potential  weather  problem  ahead.  On 
the  basis  of  visual  information  on  weather,  and  on  terrain  and  map  information,  without 
consultation,  the  Pilot  decides  to  change  course  right/left  to  avoid  weather  rather  than 
to  continue  on  oourae  (HIGH  NAVIGATOR  TRUST). 

P3  EW ;  When  alerted  by  sldetone  that  a  missile  or  electronic  warfare  threat  is  locked- 
on,  the  Pilot  visually  deteota  a  missile.  On  the  basis  of  the  electronic  visual  strobe, 
elootrorilo  audio  sldstone  and  visual  information,  without  consultation,  the  Pilot 
decides  to  break  right/left  rather  than  to  maintain  course  (HIGH  NAVIOATOR  TRUST). 

P4  LOW  LEVEL  WEATHER  ABORT:  Plying  at  low-level  with  poor  visibility  conditions,  the  Nav 
considers  that  conditions  are  unfit  to  continue  on  oourae  end  queries  whether  it  la  safe 
to  oontlnue.  On  the  baaie  of  visibility,  cloud  bsso  height,  ground  height  and  terrain 
ahape,  controlled  alrepece,  eafety  altitude,  without  ooneultation,  the  Pilot  decides  to 
oontlnue  on  oourae  rather  than  to  pull  up  (LOW  NAVIOATOR  TRUST). 


P5  ROUTE  CHANCIE  IN  WEATHER i  Plying  low-level  with  bad  weather  ahead,  the  Pilot  makes  a 
late  deoluloh  to  turn  left/right  towards  olearer  weather  area  rather  than  maintain 
original  course,  without  consulting  the  Nav  regarding  airspace  restrictions  (LOW 
NAVIGATOR  TRUST). 

P6  COUNTER  STARBOARD:  Plying  low-level,  with  an  enemy  approaching  unBeen  on  starboard 
beam,  on  hearing  a  "oounte r-starboard"  oall  from  a  buddy  alroraft,  without  oonaultatloh , 
the  Pilot  deoldea  to  break  port  (LOW  NAVIQATQR  TRUST). 


NAVIOATOR  DECISION  SCENARIOS: 

N1  ROUTE  OHANQEl  In  low-level  combat,  with  the  Pilot  busy  flying  the  alroraft,  on  basis 
of  time,  position,  fuel  and  perceived  threat,  without  consultation,  the  Nav  oalls  a 
route  ohange  to  ooma  right/left,  to  out  short  rather  than  extend  route,  to  save  rather 
than  extend  time  and  fuel  (HiCH  PILOT  TRUST). 

N2  AIR  THREAT:  In  a  oombat  formation  of  aircraft,  the  Nav  peroelves  air  threat  In  a 
threatening,  firing  position,  loosing  bullets,  On  the  basis  of  disposition  of  own  and 
enemy  foraes,  position  In  space,  perceived  threat  and  assessment  of  llkel,  actions  by 
aggressor  and  counter  threat  success,  without  consultation,  ths  Nav  lnstructa  ths  Pilot 
to  weave,  rather  than  bueter  (faat  straight  line),  turn,  climb,  desoend,  drop  bomb  (for 
retard  defence),  ohaff  or  flares  (HIOH  PILOT  TRUST). 

N3  COMMAND  EJECTION:  With  ths  elroraft  in  a  dive,  and  the  Pilot  not  responding  to 
'reaover'  inputs,  possibly  suffering  target  fixation,  and  with  ejection  switch  set  to 
'both1,  the  Nav  evaluates  possibility  of  ground  Impaot,  laok  of  time,  ground  proximity 
and  alroraft  attitude,  arid  chooses  to  ejaot  rather  than  to  take  no  notion  (HIOH  PILOT 
TRUST). 

NA  BOUNCE:  Whan  bounosd  on  a  pairs  trip,  the  enemy  fr.lle  to  gain  a  good  poeltlon  and 
flies  away  out  of  view.  Assuming  that  the  bounoe  la  over,  the  Nav  deoldea  not  bo 
aontinue  to  look  out  for  return  of  the  enemy,  end  without  ooneultation,  recommends  the 
Pilot  to  return  to  traok  (LOW  PILOT  TRUST), 

N5  WEATHER  PENETRATION:  Flying  low-level  in  bad  weather,  the  Pilot  seea  a  hole  (letter¬ 
box)  under  tho  weather,  not  obeervebla  from  Nav's  baok-seat  position,  The  Nav 
recommends  the  Pilot  to  pull-up  to  avoid  the  weather  rather  than  oontlnulng  on  bourse 
(LOW  PILOT  TRUST). 

N6  RE-ROUTEi  After  being  bounoed,  with  Tlme-on-Target  behind  schedule,  the  Nav 
reoomtnenda  the  Pilot  to  speed  up  to  out  corners  and  conserve  ruol  rather  than  re-route 
(LOW  PILOT  TRUST). 

Next,  the  12  decision  soenarlos  were  presented  to  A3  operational  Tornado  aircrew  at 
RAF  Laarbruoh  and  RAF  Bruggen  Tor  SA  construct  rating.  Twenty  four  Pilots  rated  the  6 
Pilot  deolelon  eoenarloa  and  19  Navlgatore  rated  the  6  Navigator  decision  eoenarloa. 
Ratings  were  obtained  on  a  7-polnt  rating  some  -  LOW  (1)  to  HIOH  (7)  -  for  the  ID  generlo 
oonetruate,  the  3  construct  domains  (Demand,  Supply  and  Understanding)  and  the  single 
dlmennlon  of  Situational  Awareness,  The  it  constructs  were  presented  and  described  as 
shown  In  Table  A. 

TABLE  A.  CONSTRUCTS  FOR  DECISION  SCENARIO  RATINOS 


NO. 

CONSTRUCT 

DESCRIPTION 

C.l 

DEMANDS  ON  ATTENTIONAL  RESOURCES 

. 

0.1.  J 

Inntablllty  of  aiti  vtlon 

LikellneaB  to  ohange  suddenly 

C.l. 2 

Complexity  of  situation 

Degree  of  complication 

C.l. 3 

Variability  of  situation 

Number  of  varlablea/l'aotoru  changing 

C.2 

SUPPLi  OP  ATTENTIONAL  RESOURCES 

- 

C.2. 1 

Arouaal 

Degree  or  alertness i  readlneea  for  activity 
Degree  to  which  thrughta  are  brought  to  bear 

C.2.  2 

Concentration  of  attention 

'1.2.3 

Division  of  attention 

Dlstrlbutlon/epread  of  fooue  of  attention 

0.2. 4 

Spare  mental  capacity 

Mental  ability  available  for  new  variables 

C .  3 

UNDERSTANDING  OP  SITUATION 

- 

C.  3. 1 

Information  quantity 

Amount  of  knowledge  .received  and  understood 

C,  3.2 

Information  quality 

Goadneaa  or  value  of  knowledge  communicated 

0.3.3 

Kami llarity 

Degree  of  prior  experlenoe/knowledgu 

C.  4 

SITUATIONAL  AWARENESS 

Degree  of  situational  awareness  involved 

2. A. 2.  VALIDATION  RESULTS 

The  ratings  obtained  are  summarised  together  with  results  of  an  ANOVA  aoross 
soenarlos  in  Appendix  Tables  XI  and  XII.  The  ANOVA  results  Indicate  that  only 
Information  Quality  (C3.2)  failed  to  aohleve  statistical  significance  (Pilot  Deolelon 
Soenarlos  only).  The  additional  postulated  domain  constructs  -  Demand  (01),  Supply  (C2), 


* 


,1-V 


Understanding  ( C 3 >  -  and  Situational  Awareness  (04)  were  all  sensitive  to  differences  In 
the  decision  scenarios  at  the  p<0,05  level. 

Both  seta  of  ratings  were  subjected  to  Principal  Components  Analysis  with  Varlmax 
factor  rotation.  The  resultant  correlation  matrices  are  reported  In  Appendix  Tables  XIII 
and  XIV.  The  results  of  the  Principal  Components  Analysis  are  reported  In  Appendix  Tables 
XV  and  XVI,  with  a  summary  or  the  highly  loaded  oonatructa  at  Table  5.  Pour  components 
accounted  Tor  73*  of  the  variance  In  both  data  sets.  Both  data  seta  exhibited  similar 
atructura.  Instability  (Cl.l),  Complexity  (01.2)  and  Variability  (Cl 3 )  were  highly  lnter- 
oorrelated  with  Demand  (Cl)  and  all  loaded  highly  on  the  same  Frlnolpal  Component. 

Arousal  (02.1)  and  Concentration  (02. 2)  were  highly  Inter-correlated  with  Supply  (02)  and 
to  a  leaser  extent  with  Demand  (01),  end  all  loaded  highly  on  the  Principal  Component  that 
accounted  for  the  largest  proportion  of  the  varlanoe.  Information  Quantity  (03.1)  end 
Information  Quality  (03.2)  wero  highly  Inter-oorrelated  with  Understanding  (03)  and  to  a 
lesser  extent  Situational  Awareness  (04),  and  all  loaded  highly  on  the  same  Principal 
Component.  Division  (02.3)  and  Spare  Oapacity  (02,4)  were  moderately  Inter-oorrelated 
With  Familiarity  (03.3)  and  all  loaded  highly  on  the  remaining  Principal  Component  which 
aooounted  for  the  smallest  proportion  of  the  varlanoe.  However,  It  ehould  be  noted  that 
Familiarity  (03.3)  correlated  positively  with  Understanding  (03)  (p<0.01))  and  that  Spare 
Oapaalty  (f!2.4)  correlated  negatively  with  Demand  (01)  (p*0.001). 

The  structure  of  the  postulated  construct  domains  showed  some  variation  between  the 
data  aete.  The  correlations  for  the  construct  domains  are  shown  In  Tablea  6  end  7>  For 
Navigators,  Understanding  (U3)  correlated  with  Supply  (C2),  and  Situational  Awareness  (04) 
correlated  with  all  3  conatruot  domains.  For  pilots,  only  Understanding  (03)  correlated 
with  Situational  Awareness  (04),  Generally,  Demand  (CD  positively  correlated  with  Supply 
(C2),  but  only  Understanding  (03)  consistently  correlated  with  Situational  Awareness  (041. 


TABLE  5.  CONSTRUCTS  LOADING  HIGHLY  ON  PRINCIPAL  COMPONENTS  FOR  DECISION  SCENARIO 


PILOT  DECISIONS 

NAV  DECISIONS 

lit  Component  (Van 

22.100 

let  Component  (Vari  24. 

48*) 

Supply 

0.826 

Arousal 

-0,894 

Arousal 

0.825 

Concentration 

-0.878 

Concentration 

0.809 

Supply 

-0.845 

Demands 

0.686 

Demanda 

-0.591 

2nd  Component  (Vari 

19.690 

2nd  Component  (Vari  18, 

77*) 

Variability 

0.830 

Information  quantity 

-0.838 

Complexity 

0.807 

Understanding 

-0.833 

Instability 

0.774 

information  quality 

-0.815 

Demanda 

0.496 

Situational  awareness  -0.501 

3rd  Component  (Van 

18.89*) 

3rd  Component  (Van  16.27!*) 

Information  quantity  -0.899 

Variability 

0.885 

Information  quality  -0,795 

Complexity 

0.874 

Situational  awareness  -0.778 

Inetabl lity 

0.508 

Understanding 

-0.658 

Demands 

0,484 

4th  Compt  nent  (Var: 

12.61*) 

4th  Component  (Vari  13.34*) 

Dlvlalon 

-0.820 

Familiarity 

-0.838 

Familiarity 

-0,696 

Spare  capacity 

-0.695 

Spare  capaolty 

-0.635 

Division 

-0.651 

TABLE  6.  CORRELATION  MATRIX  OF  DOMAIN  CONSTRUCTS  FOR  PILOT  DECISION  SCENARIOS 


NO, 

CONSTRUCT 

01 

02 

01 

Attentional  Demand 

■PH 

02 

Attentlonal  Supply 

hm-s;  Tm 

03 

Understanding 

liffm 

HBU 

04 

Situational  Awareness 

0.041 

03  '  C4 


1, 000 
0.417 


1.000 


TABLE  7.  CORRELATION  MATRIX  OP  DOMAIN  CONSTRUCTS  NOR  NAVIOATOR  DECISION  SCENARIOS 


CONSTRUCT 

Cl 

C  2 

04 

n 

Attentlonal  Demand 

EH 

Attentlonal  Supply 

0.532 

EH 

Understanding 

0.133 

0.489 

1.000 

Situational  Awareness 

0.557 

1.000 

3.  DISCUSSION 

Knowledge  elloltatlon  procedures  lndlaate  that  three  domains  oharaoterlae  aircrew 
situational  awaraneis,  namely  Attentions!  Demands,  Attentlonal  Supply  and  Understanding. 
The  study  provides  10  aircrew  conetruota  within  these  domains  offering  a  deeper  level  of 
apealflalty.  Quantification  of  these  three  construct  domains  Is  probably  neoeesary  and 
eufflolent  for  o  oomprshenslve  measurement  of  SA .  Unl-dlmenslonal  subjective  estimation 
of  SA  offers  little,  if  any,  diagnostic  power.  A  Situational  Awareness  Rating  Technique 
(SART)  can  he  proposed  with  alternative  three-dimensional  (3-D)  and  ten-dimensional  (10-D) 
forma  providing  Increasing  spcolflolty  and  diagnostic  power.  The  most  appropriate  tool 
for  a  given  application  will  depend  an  the  degree  cl'  lntruslvenees  permitted  by  ths 
measured  task. 

For  highly  dynamic  real-time  applioatlone ,  auoh  as  flight  simulation  and  flight 
trials,  a  relatively  un-lntruaive  approach  may  be  needed  to  minimise  Interference  with  the 
measured  task.  In  such  circumstances,  the  3-D  SART  will  be  the  more  appropriate  form, 
presented  at  Intervale  as  a  continuous  or  7-point  rating  scale,  or,  with  reduced  visual 
and  manual  interference,  as  requiring  a  verbal  report,  such  as  LOW  (1),  MEDIUM  (2)  or  HIGH 
(3)  ratings,  as  in  SWAT  workload  measurement  (31).  As  an  alternative  to  dlreat  subjective 
estimation,  oonjolnt  scaling  procedures  or  more  simply,  lpsatlve  pair-wise  comparisons 
could  be  used  to  calculate  a  unl-dlmenslonal  SA  representation  from  the  3-D  SART  data, 

The  10-D  SART  will  be  a  useful  adjunct  whan  a  higher  degree  or  specif laity  and  diagnostic 
power  Is  needed  for  projeatlve  and  post  hoc  measurement  of  non-real  time  applications, 

Whereas  the  3-D  SART  probably  offers  the  simplest  multi-dlmenslonal  repreaentatlon  or 
SA  -  a  1-D  or  2-D  SART  would  be  Inadequate  -  the  necessity  and  surriolency  of  the  10-D 
SART  la  governed  by  the  requirements  for  specificity  and  diagnostic  power.  Fewer 
constructs  would  -shorten  the  form  and  make  It  speedier  to  Implement.  Some  semantically 
dissimilar  oonetructs  within  domains  are  highly  correlated  in  all  data  sets  and  appear  to 
be  redundant,  namelyi  Complexity,  Variability  and  Instability!  Information  Quantity  and 
Information  Quality;  Arousal  and  Concentration.  However,  contraction  aorose  these 
oonetructs  would  reduae  diagnostic  power  In  situations  and  tasks  where  they  are 
dlosoolated.  On  the  other  hand,  alternative  or  additional  domain  constructs  msy  Improve 
diagnostic  powsr  for  a  particular  applloitlon.  Additional  Understanding  constructs  could 
be  particularly  useful  since,  Tor  deolalun-mtklng  eoonarlos  at  least,  Understanding 
correlates  highly  with  Sltjatlonal  Awareness,  However,  some  oeutlon  should  be  cxerolsed 
since  arbitrary  additions  raise  velldlty  Issued. 

The  10-D  SART  la  valuable  beoauoe  It  Is  derived  directly  from  aircrew  oonatruots  and 
this  gives  It  validity  as  an  aircrew  tool.  Some  constructs  ars  not  always  highly 
correlated  within  domains  such  as  Concentration  with  Division  of  Attention,  and 
Familiarity  with  Information  Quantity.  This  Is  a  good  reason  Tor  their  Inclusion. 

Indeed,  the  decision  acenarlo  data  nuggeat  that  one  feature  of  the  3-D  SART  is  that 
ratings  of  Supply  may  not  be  Influenced  by  consideration  of  Division  of  Attention. 
Division,  focusing,  distribution  and  rate  of  awltohlng  of'  attention  nre  important 
oonutruots  that  oharaaterlse  the  stru;turo  of  attention  or  the  attentlonal  style. 
Dissimilar  constructs  and  orthogonal  dimensions  are  the  souroe  or  diagnostic  power. 

Differences  were  found  between  the  structure  of  the  PI  lota  and  Navigators  3-D  SART 
data.  These  differences  oould  bs  due  to  variations  In  content  between  the  t-.wo  aets  of 
deolalon  scenarios.  However,  this  finding  also  raises  I  he  possibility  that  SART  may  be 
sensitive  to  differences  In  role  playing  and  sttentlonal/oognltlve  style  (32),  The 
relationship  between  self-awareness  and  situational  awareness  Is  probably  Important  If 
both  draw  upon  and  oompete  for  common  resources.  Demands  on  resources  arising  from  self 
awareness  may  reduoe  the  supply  or  resourcas  for  situatlonsl  awarenesc,  and  vloe  versa. 

In  llfe-threatenlng  situations,  situational  awareness  la  probably  affeoted  by  Individual 
differences  In  pByohologloal  defence  mechanisms,  coping  strategies  and  emotlonal/af'f ootlve 
style  (33,3*0,  People  who  are  terrified  may  not  notice  whst  Is  going  on  around  them. 

Further  work  is  needed  to  demonstrate  the  applicability  of  SART  to  the  measurement  of 
altuatlonsl  awareness  In  real  tasks.  So  far,  the  development  of  SART  has  been  based  on 
Imaginary,  though  familiar,  scenarios.  Refinement  of  the  SART  scales  through 
olarlflaation  of  ambiguous  working,  etanderdluatlon  of  briefing,  presentation  procedures, 
data  analysis  and  Interpretation  should  bo  based  on  reel  task  applications.  Real  task 
assessments  are  also  needed  to  lnveetlgate  the  relationship  between  SA  and  task 
performance,  and  to  oheok  the  primary  assumption  that  situational  awareness  la  important 
for  deoleion-making.  Experimental  work  Is  also  needed  to  Investigate  the  role  of  Implicit 
and  explicit  knowledge  in  deals lon-maklng  and  to  establish  and  improve  tne  sensitivity  of 
SART  to  knowledge  variables, 
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Finally i  It  may  be  useful  to  use  the  3A  paradigm  and  SART  constructs  to  draw  together 
some  of  the  major  Implications  for  craw-systems  integration.  Situational  Awareness  and 
deolslon-making  oan  be  enhanoed  by  systems  design,  or  through  the  Elaotronio  Crewmember, 
in  three  broad  ways  I 

1,  Control  Demands  on  Attentions!  Reeouroea  This  oan  be  aohieved  by  automation  of 
unwanted  workload,  by  fusing  data  and  by  redualng  unoertalnty. 

2,  Improve  the  Suocly  of  Attentlonal  Heaouroea  This  oan  be  aohieved  in  several  ways:  a) 
By  prioritising  and  suelng  tasks  to  obtain  the  optimum  attentlon-allooation  strategy  in 
aooordanoe  with  mission  goals  and  objeotiveai  b)  By  organising  the  struoture  of  tasks  to 
exploit  the  available  resouroe  modalities;  o)  By  maintaining  pilot  Involvement  and 
aotlvlty  at  the  optimum  level  for  resouroe  availability. 

3,  Improve  Understanding  Methods  for  improving  understanding  by  design  inoludei  a)  By 
the  presentation  of  information  in  oognitlvely  compatible  forma  (3-D  voioe  and  pictorial 
multi-modal  displays))  b)  By  making  accessible  and  sharing  a  wider  knowledge  base 
through  knowledge  communloatlon/dlalogus  techniques  such  as  interrogation,  explanation 
and  critiquing)  e)  By  extension  nf  the  pilot's  relevant  experience  by  simulation 
training  through  mission  planning  and  preview  faoilltlas. 

I).  CONCLUSIONS 

Knowledge  elioitation  procedures  oan  be  used  to  Identify  airorew  constructs  for 
structural  awareness.  Aircrew  constructs  provide  a  multi -dime ns tonal  charaoterlsation  of 
situational  awareness  consistent  with  the  theory  of  attention  and  cognition.  Rating 
aoales  for  the  subjective  estimation  of  situational  awareness  oan  be  derived  from  these 
constructs  that  are  sensitive  to  differences  in  a  variety  of  flight  and  taotioal  deolslon- 
making  scenarios.  The  simplest  representation  of  situational  awareness  comprises  three 
dimensions  or  domains  corresponding  to  construots  for  situational  demands  on  attentlonal 
resources,  for  the  supply  of  attentlonal  resources  in  response  to  situational  demands,  and 
for  the  understanding  of  the  situation.  Further  research  Is  needed  with  real  tasks  to 
Investigate  the  diagnostic  power  of  subjective  estimation  of  situational  awareness,  and  to 
refine  the  technique  as  a  tool  for  airorew  systems  design. 
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LOADINGS  ON  1ST  PRINCIPAL 
COMPONENT  (VARIANCEl  29.77*) 


TABLE  II.  LOADINOS  ON  2ND  PRINCIPAL 

COMPONENT  (VARIANCE:  20.75*) 


LOADING 


S1A.C3  Information  quality 
S7.02  Oonoantratlon 
S15.C3  Foouaing 
S5.03  Stability 
SIN. 02  Risk 


NO. 

CONSTRUCT 

LOADING 

SR.  02 
Si.Ck 
313.03 
S8.C3 

ConaolouaneBfl 

Motivation 

Complexity 

Anticipation 

E 

.689 

.578 

.55A 

.502 

.1-14 


TABLE  VI.  SUMMARY  OP  RATING  MEANS  (N  *  5)  AND  ANOVA'l  FOR  SET  II  PLTQHT  SCENARIOS 


PLIGHT 


CONSTRUCTS 


TABLE  VII.  CORRELATION  MATRIX  OP  OONSTRUOTS  FOR  SET  I  PLIOHT  SCENARIOS 


NO.  CONSTRUCT  01  02  03  04  05  06  0/  08  09 


01 

o: 

i\ 

C5 

06 

C7 

08 

09 

CIO 


Familiarity 

Fooualng 

Info.  quantify 

Inutabillty 

Conaantratlon 

Uomplaxlty 

Variability 

Arouaal 

Info,  quality 

Spar*  oapaulty 


010 


1.000 


TABLE  VIII.  CORRELATION  MATRIX  OP  OONSTRUOTS  FOR  SET  II  FLIGHT  SCENARIOS 


TABLE  IX.  LOADTNOS  OF  CONSTRUCTS  ON  PRINCIPAL  COMPONENTS  FOR  SET  I  PLIQHT  SCENARIOS 


PRINCIPAL  COMPONENTS 

NO. 

CONSTRUCT 

1st 

2nd 

3rd 

VAR  I  47.891 

VAR  j  19.75* 

VAR  I  11.52* 

Cl 

Familiarity 

-0.398 

0. 728 

0.123 

02 

Foaming 

0.147 

-0.016 

0.956 

03 

Information  quantity 

0.088 

0.85? 

0,306 

-0.003 

04 

Inatablllty 

-o.8;8 

-0.047 

C5 

Oonoantration 

0.914 

-0.145 

0.037 

06 

Complexity 

0.849 

-0.133 

0.246 

07 

Variability 

0.819 

-0. 113 

0.333 

06 

Arouaal 

0.919 

-0.026 

0.045 

OS 

Information  quality 

0.343 

-0.813 

0.750 

-0.197 

CIO 

Spar*  oapaolty 

-0.335 

-0.077 

TABLE  X.  LOADINOS  OP  CONSTRUCTS  ON  PRINCIPAL  COMPONENTS  POR  SET  II  PLIOHT  SCENARIOS 


NO. 

OONSTRUOT 

PRINCIPAL  COMPONENTS 

lit 

2nd 

3rd 

VARi  36.92* 

VAR l  20.15* 

VAR  1  15.25* 

01 

Familiarity 

-0,335 

0.142 

0.214 

02 

Pooualng 

0.202 

0.859 

-0.086 

0  3 

Information  quantity 

0.200 

-0.026 

0.896 

04 

Instability 

-0.650 

0.434 

0.283 

05 

Oonoantration 

0.571 

-0.68B 

-0.113 

06 

Oomplaxlty 

0.924 

0.002 

0.011 

07 

Variability 

0.915 

-0.002 

0.063 

oe 

Arouaal 

0.607 

-0.671 

-0.045 

09 

Information  quality 

-0,365 

0.046 

0.748 

010 

Spar*  oapaolty 

-0.720 

0.376 

0.103 

TAHLE  XI.  SUMMARY  OP  CONSTRUCT  HATINO  MEANS  (N  ■  24)  t  ANOVAii  FOR  PILOT  DECISION  SCENARIOS 


NO. 

OONSTRUOT 

DECISION 

SCENARIO 

MEAN 

F 

VALUE 

PROD 

< 

PI 

P2 

P3 

P4 

P5 

P6 

A  ttiintional  demand 

5.62 

4.15 

6.03 

5.34 

5.47 

5.11 

16.60 

B*  1 1 

InatablUty 

5.50 

KH21 

5.50 

5.00 

4.33 

5.79 

5.03 

6.40 

S'  •  1 

0.1.2 

Oomplaxlty 

5.54 

3.71 

5.17 

4.83 

3.92 

5.13 

4,72 

11.36 

fl*  •  1 

8IIVIW 

Variability 

9.88 

4.04 

9.33 

5.04 

4.25 

5.46 

5.00 

11.17 

B«  •  1 

•VVjpBq 

Attantlonal  aupply 

5.60 

4,66 

5.75 

4.94 

4.70 

5.38 

5.17 

6.52 

fl*  •  1 

Mn\ 

Arouaal 

6.42 

4.83 

6.46 

5.25 

4.71 

6.08 

5.62 

22.90 

B«  t  fl 

ifrlrfl 

Oonoantratlon 

6,21 

4.79 

6.29 

5.17 

4.71 

5.98 

5.46 

16.97 

B*  *  fl 

tines 

Dlvlalon 

ESI 

4.71 

3.54 

3.92 

4 .  uu 

3.96 

IMI 

Elia 

m 

Spara  oapaolty 

if  1 

5,04 

3.13 

4.13 

4.75 

3.67 

4,09 

10.19 

0.001 

0.3 

Undaratandlng 

5.45 

5.00 

4.89 

4.72 

4.38 

4.92 

3.37 

0.01 

c.3.1 

Information  quantity 

IS] 

5.00 

4.75 

4.67 

4.54 

3.83 

4.60 

3.17 

0,05 

0.3.2 

Information  quality 

EE  a 

4.79 

4.71 

4,33 

4.42 

4.50 

4,50 

0.79 

NS 

0J.3 

Pamlllarlty 

4.50 

5.58 

3.67 

5.21 

5.38 

4.83 

4,86 

10, 14 

0,001 

0.4 

Situation  awaranaaa 

5.50 

5.08 

5. 46 

5.26 

4.71 

4.61 

5.10 

2.42 

0.09 

9 
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TABLE  XII.  SUMMARY  OP  CONSTRUCT  RATINQ  MEANS  (N-  19)  A  ANOVAs  TOR  NAV  DECISION  SCENARIOS 


NO. 

CONSTRUCT 

DECISION 

SCENARIO 

MEAN 

F 

VALUE 

PROS 

< 

N1 

N2 

N3 

N4 

N5 

N6 

C.  1 

Attentional  demand 

4.64 

5.71 

5.64 

5.00 

4.57 

4.97 

3.01 

Egg 

0.1. 1 

Instability 

4.79 

5.63 

4,42 

4.50 

3.89 

4.81 

3*01 

0. 1.3 

Complexity 

4.32 

5.32 

4.79 

EKu 

3.26 

3.32 

4.23 

5.47 

0.1.3 

Variability 

4,79 

5.68 

4.64 

5.11 

4.00 

4.47 

4.81 

2.81 

0.05 

C.2 

Attantlonal  aupply 

4.74 

5.56 

5.68 

4.21 

5.21 

4.86 

5.04 

4.26 

0.01 

0.2.1 

Arouaal 

3,26 

6.26 

6.11 

4.95 

5.47 

5.05 

3.52 

3.78 

0.01 

0.2. 3 

Oonoant ration 

4.89 

6.32 

6.26 

4. 47 

5.42 

4.74 

5.35 

6.  96 

0.001 

0.2.3 

Division 

4.42 

3.16 

2.63 

4.58 

IK  1 

4.58 

3. 88 

5.14 

0.001 

0.2.4 

Spara  capacity 

4.37 

3.47 

2.47 

4.58 

iff! 

4.79 

3.99 

8.92 

0.001 

C.3 

Undaritandlng 

5.67 

5.59 

5.50 

4.28 

tit  -M 

5.62 

5.27 

4.29 

0.01 

0.3.1 

Information  quantity 

5.32 

5.47 

4.68 

3.84 

4.32 

5.05 

4,78 

3.98 

0.01 

C.3.2 

Information  quality 

5.21 

5.32 

4.74 

3.T4 

4.68 

5.11 

4.30 

3.64 

0.01 

0.3.3 

Familiarity 

5.63 

4.42 

3.58 

5.11 

5.11 

5.  26 

4.05 

5.50 

0.001 

0.4 

Situational  awaranaaa 

5.74 

5,63 

5.84 

4,00 

4.95 

5.00 

5.19 

4.99 

0.001 

TABLE  XIII.  CORRELATION  MATRIX  OF  CONSTRUCTS  FOR  PILOT  DECISION  SCENARIOS 


01.1 

01.2 

01.3 

02 

02.1 

02.2 

02.3 

02.4 

03 

03.1 

BO 

03.3 

„ 

EBB 

0 

1.000 

.506 

.675 

,664 

.601 

.698 

.65? 

-.214 

-.612 

,084 

-.124 

-.173 

-.315 

.041 

1.000 

.561 

.619 

.346 

.424 

.400 

-.030 

-.369 

-.161 

-.147 

-m 

-.182 

.010 

1.000 

.871 

.430 

-.077 

-.546 

-.180 

-.260 

-.284 

-.237 

-.022 

1.000 

.452 

.498 

.488 

-.037 

-.446 

-.126 

-.197 

-.269 

-.222 

.010 

1,000 

.687 

.393 

-.076 

-.203 

.139 

-.050 

-.096 

-.012 

.078 

1  ■  OOO 
.770 
-.055 
-.399 
.062 
-.084 
-.152 
-.212 
.123 

1.000 

-.012 

-.383 

.101 

-.091 

-.191 

-.146 

.139 

1.000 
.444 
.154 
.134 
.178 
.  8  B  3 
.140 

1.000 
.232 
.442 
.337 
.4  84 
.272 

1.000 

.607 

.426 

.422 

.417 

l.UOO 

:ft0 

.595 

1.000 

.229 

.461 

— 

1.000 

.227 

O 

O 

O 

(R  -  0.31  p<0, 05 |  R  *  0.27  p«0,01 |  R  *  0.34  p<0,001) 


TABLE  XIV.  CORRELATION  MATRIX  OP  CONSTRUCTS  FOR  NAVIOATOR  DECISION  SCENARIOS 


NO. 

01 

01.1 

01.2 

01.3 

02 

02. 1 

02.2 

02.3 

02.4 

03 

03.1 

03.5 

H 

n 

1.000 

.260 

.541 

.364 

.332 

.507 

.368 

-.291 

-.419 

,202 

-.083 

.497 

1.000 

.333 

,281 

.078 

.090 

.068 

,028 

-.182 

.120 

",042 

1.000 

.718 

.191 

.256 

.30? 

-.207 

-.343 

.134 

.231 

.073 

.049 

,266 

1.000 
.223 
,  190 
.166 
-.165 
-.244 
.145 
.131 
.051 
.227 
.116 

1,000 

.796 

.739 

-.101 

-.190 

.489 

.337 

.462 

.090 

.649 

1.000 

.862 

-.119 

-.207 

.358 

.281 

.358 

.047 

.585 

1.000 

-.200 

-.282 

.325 

.361 

.333 

-.003 

.566 

1.000 
.513 
.069 
.094 
.055 
.  331 
,080 

1.000 
.143 
.083 
.  0B8 
.394 
108 

1.000 

.723 

,682 

.313 

.557 

1.000 

,634 

.225 

.537 

1.000 
.  167 
.  54u 

1.00  0 
.209 

1.000 

(R  ■  0.33  p<0.05j  R  »  0.30  P<0,01|  H  ■  0.38  p«0,001) 


TABLE  XV.  LOADINGS  OP  CONSTRUCTS  ON  PRINCIPAL  COMPONENTS  FOR  PILOT  DECISION  SCENARIOS 


NO. 

CONSTRUCT 

PRINCIPAL  COMPONENTS 

2nd 

VAR:  19.69* 

C.l 

Attentlonal  danandu 

0,666 

0,996 

mfmi 

0.323 

C.l.l 

Instability 

0.21? 

0.779 

0.030 

0.1.2 

Complexity 

0.359 

C.807 

0,109 

0.1.3 

Variability 

0,361 

0. 830 

0,099 

C.2 

Attentlonal  supply 

0.626 

0.178 

wmwi 

-0,017 

0.2.1 

Arousal 

0.625 

0.299 

C.2, 2 

Conoentratlon 

0.809 

0.295 

0.2.3 

Division 

-0,098 

0.138 

0.2.9 

Spare  oepaolty 

-0.396 

-0.350 

-0.316 

8M 

0.3 

Understanding 

0.396 

-0.297 

-0,658 

C.3.1 

Information  quantity 

ID  •  H 

-0. 120 

-0,896 

-0.068 

C.3.2 

Information  quality 

-0.093 

-0.795 

-0.073 

C.3.3 

Familiarity 

-0.313 

-0.176 

-0.696 

a.  n 

Situation  smartness 

■ 

0.106 

-0.778 

-0,197 

TABLE  XVI.  LOADINQS  OP  CONSTRUCT;!  ON  PRINCIPAL  COMPONENTS  POH  NAVIOATOR  DECISION  SCENARIOS 


NO. 

CONSTRUCT 

PRIN0I PAL  COMPONENTS 

la  t 

2nd 

3rd 

9th 

VARi  29.98* 

VARi  18.77* 

VAR t  16.27* 

VARi  13.39* 

a.  l 

Attentlonal  deraands 

-0.591 

-0,092 

0.889 

0.285 

C.l.l 

Instability 

0,179 

-0.320 

0.50R 

0.293 

0.1,2 

Complexity 

-0,186 

-0.079 

0.  879 

0,090 

c.l, 3 

Variability 

-0,  .119 

0.000 

0.  885 

-0.119 

C.2 

Attentlonal  supply 

-0.895 

-0.2B9 

0.085 

0.002 

0.2.1 

Arousal 

-0.899 

-0.157 

0.097 

0.029 

C.2, 2 

Conoentratlon 

-0.878 

-0,167 

0.118 

0,122 

C.2, 3 

Dlvlalon 

0.188 

-0.155 

-0. 158 

-0.651 

0.2.9 

Spare  oapsolty 

0.263 

-0,160 

-0.327 

-0,695 

0.3 

Understanding 

-0.256 

-0.833 

0.053 

-0.181 

C.3.1 

Information  quantity 

-0. 189 

-0.838 

0.199 

-0.092 

C.3.2 

Information  quality 

-0.278 

-0. 815 

-D.059 

-0. 036 

Familiarity 

-0,080 

-0. 120 

0,196 

-U , 838 

Bn 

Situation  awareness 

-0.652 

-0.501 

0.097 

-0.113 

Copyright  (C)  Controller  HMSO  London  1989- 
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SUMMARY 

Pilot  situation  awaranaii  It  not  i  wall -undaritood  concept.  Molt  attempts  at  undaritmdlng 
iltuatlon  awaramii  hava  rallad  almost  exclusively  on  lubjactlva  reporti,  and  have  not  led  to  a  clear 
understanding  of  the  concept.  The  praaant  work  reprtaanti  a  parfonnsnce-baied  approach  to  assailing 
iltuatlon  awaranaii,  whirl  the  ral a 1 1 onihl p  batwian  pllot-raportad  iltuatlon  awaranaii  and  tactical 
task  performance  la  Inveatlgatad.  Aspect!  of  a  hlgh-raallsm  air  combat  simulation  ware  analysed  In 
tarmi  of  a  priori  hypothaaai  regarding  performance  of  ■  tactical  talk  [fire  point  sal  action) ,  1 ts 
relation  to  pllot-raportad  iltuatlon  awaranatii  and  Its  relation  wltn  minion  outcome.  Rasul ti  ahowad 
that  pllot-raportad  iltuatlon  awaranaii  by  Itialf  wai  not  a  reliable  Indicator  of  pilot  performance 
(band  on  million  outcome).  Further,  pilot  performance  by  Itialf  wal  not  lyitamatlcilly  ralatad  to 
fire  point  aalattlon.  Only  when  the  iliaultanuuus  operation  of  pilot  performance,  flra  point 
iilactlon,  end  pllot-raportad  iltuatlon  awaranaii  era  conildarad  doit  a  lyitemitlc  rilatlonahtp 
imargi,  The  highlit  million  parforminca  acorai  wars  aiioclatad  with  both  a  FPS  within  a  praftrrad 
tone  (80-1001  RMAX2)  iq4  high  pllot-raportad  SA  ratlngi,  Lower  performance  acorai  ware  obiervad  ai 
Plloti1  FPS  diverged  from  the  preferred  FPS  aria  and  raportad  lower  SA  acorai.  Tha  drop-off  In 
minion  performance  la  mora  aavara  whan  plloti  launched  their  waaponi  tnilda  the  80-100S  UMAX 2  area 
relative  to  launching  outalda  this  preferred  aria.  Thais  findings  ire  Interpreted  In  tarmi  of  flra 
point  aalactlon  ai  one  potential  manure  of  merit  for  tactical  iltuatlon  awaranaii, 


INTRODUCTION 

To  data,  pilot  iltuatlon  awaranaii  (SA)  hn  bean  an  amorphous  concept  whose  Interaction  and 
tnftuance  on  pilot  talk  parforminca  1i  largely  undefined.  Ona  approach  to  lending  itruotura  to 
defining  SA  manures  la  to  determine  tha  Information  fitments  tha  pilot  uni  to  davalop  an  adequate 
"itata  of  knowing"  ralatlva  to  specific  tactical  tnka,  and  to  datarmlne  manures  for  pilot  "states  of 
doing"  that  optimise  overall  minion  parforminca.  Currant  atudlaa  have  focused  on  the  cognitive 
models,  paradigms,  and  mantal  itatai  of  tha  pilot  n  ha  procaadi  through  a  minion.  At  bast,  then 
atudlaa  looialy  define  pilot  SA  laval  n  a  stand  alone  value  band  on  recall  or  worl.1u.sd.  Nona  or  tha 
studlei  relate  SA  level  with  pilot  parforminca  In  measurable  tarmi.  Qlvan  that  a  "iUtc  uf  snowing" 
and  proper  teak  execution  band  on  that  knowledge  state  era  essential  al aments  for  successful  minion 
parforminca,  manurai  of  merit  for  iltuatlon  iwirinan  must  Include  both  subjective  rod  objective  task 
parforminca  manurai  to  adequately  aiiaai  SA. 

The  purpose  of  this  paper  la  to  report  tha  development  of  meaturn  o'  merit  for  pilot  situation 
awaranaii  by  defining  measurable  relationships  batwian  tha  tactical  pilot's  reported  "itata  of 
knowing"  and  hit  "itata  of  doing"  for  specific  air  combat  tnki.  This  relationship  Is  reflected  In 
the  pllot't  overall  performance  band  on  minion  goals.  The  methodology  preaented  here  reflects  an 
imbedded  task  technique  for  determining  situation  awaranaii.  Var 1  at  Iona  in  tome  knowledge  itata 
(l.a.,  iltuatlon  awaranaii)  are  Inferred  from  variations  In  a  manured  objective  performance  (1  ,e . ,  a 
tactical  air  combat  talk). 

In  order  to  lupport  tha  anal yt 1 •  of  a  knowledge  itnta/performanca  relationship,  a  data  bait  for  a 
rapraiantatlva  air  combat  simulation  wai  iilactad  which  contained  taik-baied  data,  million  outcome 
data,  and  aubjoctlva  SA  data.  Thli  ilmulatlon  wn  tha  Advanced  Medium-Range  Alr-to-AIr  Mlialli 
Operational  Utility  Evaluation  tnt  (AMRAAM  OUE)  test  conducted  In  1961-82.  Specific  hypothnn  ware 
formed  ralatlva  to  flva  critical  tactical  air  combat  tnk  arm.  Than  five  tactical  tnk  arias  wars 
Identified  band  upon  tha  multi  of  i  privloui  da  tarmi  nation  of  critical  tactical  tnki.  Thais  tnka 
ware  1)  flra  point  aalactlon  (FPS),  which  It  that  ralatlva  apatlal  politico  whirl  tha  pilot  daddei  to 
flra  hia  waaponi  (atr-to-air  mlnileli  2)  waaponi  envelope  management,  which  is  energy  maneuverability 
and  P,  (specific  ascasa  energy)  In  relatlonahtp  to  achieving  waipons  launch  p»rimetiri)  3)  target  sort 
and  iilactlon,  which  la  tha  Identification  and  priori  ti  za  1 1  an  of  targati  band  primarily  on 
Information  from  onboard  aamorii  4)  defcnilve/countir-offinilva  maneuver,  which  1i  tha  pilot  resppnie 
to  threat  action  or  attack)  and  S)  mutual  aupport  of  formation,  which  1i  tha  complex  relationship 
among  flight  aliminta  to  provide  aynarglatlc  enhancement  of  offanalva  flrapowar  and  aurvlviblllty. 

Thta  paper  praianti  reiulti  from  tha  fire  point  aalactlon  analysis  only.  Tha  core  of  thasa  results 
Involve  a  daicrlptlon  of  tha  complex  relationship!  that  wara  found  between  million  outcome,  aalf- 
reported  pilot  iltuatlon  awaranaii  laval,  and  flra  point  aalactlon. 

A  number  of  relationships  ware  predicted  In  tha  analysis  of  thu  ral attonshlps  among  SA,  FPS,  and 
million  parforminca.  Flrat,  It  was  hypotliaalxed  that  pilot  SA  laval  would  be  positively  correlated 
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with  minion  performance,  Second,  It  wee  predicted  ttiet  mission  performence  levels  would  be 
Influenced  by  fire  point  selection  within  the  missile  launch  envelope,  Third,  It  was  expected  that 
the  most  accurate  predictions  of  good  and  poor  mission  performance  would  be  obtained  through 
consideration  of  ti.e  joint  operation  of  fire  point  selection  and  pilot  SA  level. 


METHOD 


Subjects 

Sixteen  tactical  pilots  participated  In  the  original  AMRAAM  Operational  Utility  Evaluation 
simulation.  Eight  pilots  were  experienced  F- 1 6  pilots  end  eight  were  experienced  F- 16  pilots, 

Measures 

Pilot  Perlormance  Index,  The  only  mission  outcome  data  calculated  during  the  original  AMRAAM  test 
were  minion  scores  For  the  overall  flight.  In  order  to  evaluate  relationships  between  Individual 
pilot  task  performance  and  pilot  SA  levels,  an  Index  more  sensitive  to  Individual  performance  was 
developed  and  used.  Mission  outcome  was  measured  by  the  Pilot  Performance  Index  (PPI),  which  was  a 
weighted  score  hased  on  the  ratio  of  the  number  of  adversary  aircraft  "killed"  to  the  number  of 
friendly  losses.  The  PPI  values  renged  from  -443  to  1198.  Values  lest  then  aero  were  elaselfled  as 
poor  mission  performance,  while  velues  ranging  from  0-P99  were  considered  as  overage  performance,  and 
values  greater  then  299  were  classified  as  good  mlislon  performance, 

Reported  SA  measure .  The  pilot-reported  SA  dete  consisted  of  subjective  ratings  collected  at  the 
tlme~of  the '  simulation ,  and  were  obtained  from  three  sources.  After  tech  trial,  the  pilot  rated  his 
own  SA  level,  the  flight  lead  rated  the  overall  flight  SA  level,  and  a  trained  observer  (a  qualified 
tactical  pilot)  also  rated  the  overall  flight  SA  level,  These  rstlngs  were  based  on  planned  tactics, 
executed  tactics,  an  assessment  of  the  flight's  response  to  tactical  tUuattpns,  and  the  participants' 
awareness  of  on-going  tactical  events.  Independent  of  the  final  engagement  outcome,  A  fourth  SA 
rating  was  derived,  which  was  the  average  of  Individual  pilot  SA  ratings  for  each  flight, 

fire  Point  Selection,  Task-based  data  collected  on  fire  point  selection  Included  actual  missile 
launcnrange,  no  eictpe  range,  aspect  at  launch,  and  minimum  and  maximum  range  dete  for  all  AMRAAM 
launches,  The  PPS  values  used  In  the  present  analyse-,  were  expressed  es  a  percentage  of  RMAX2,  which 
was  calculated  by  dividing  the  actual  launch  range  by  the  no  escape  range  (no  escape  range  may  be 
conceptual 1a*d  here  at  the  minimum  nance  at  which  u  target  could  execute  a  successful  evasive  maneuver 
to  defeat  a  missile).  The  percentage  of  RMAX2  values  used  In  this  study  were  npproxlmately  equivalent 
to  no  escape  range  for  the  AMRAAM. 

A  total  of  48  trials  (24  F-16  and  24  P-16)  ware  used  In  thu  analysis, 


RESULTS  AND  DISCUSSION 

Three  relationships  were  Investigated  using  self-reported  SA  and  Pilot  Performance  Index  data, 
First,  the  extent  of  the  nelatlonohlp  between  pilot-report, td  SA  end  Pilot  Performance  Index  was 
examined  to  evaluate  mission  psnformsnci  ssnsltlvlty  to  lei f-rsported  SA  lsvel.  Second,  the  Fire 
Point  Selection  and  Pilot  Performance  Index  relationship  wit  evaluated  to  establish  mission 
performance  sensitivity  to  specific  task  ekecutlon,  which,  In  this  case,  was  FP5,  Third,  mission 
performance  wet  aveluatud  at  a  joint  function  of  FPS  and  pilot-reported  SA. 

Reported  54  ind  million  performance,  Correlations  were  computed  to  determine  the  relationship 
between  self-reported  SA  levels  and  million  performance  (PPI).  The  pilot-reported  SA  relationship 
With  PPI  was  moderate  (r  ■  .55  for  F- 15  trial*!  r  ■  ,60  for  P-16  trials).  The  observsr-rsportsd  5A 
relationship  with  ths  flight  composite  PPI  (overall  flight  performance)  was  also  quite  strong  (r  •  ,68 
for  F-15  trials!  r  >  ,86  for  F- IB  trials).  The  rs! atl onihip  bltwsen  pilot-reported  SA  and  Individual 
pilot  PPI  was  examined  more  closely  by  categorlilng  pilot-reported  SA  and  PPI  Into  thrne  categories: 
good,  overage,  and  poor.  The  distribution  of  SA  ratings  as  a  function  of  PPI  Is  presented  In  Table  1. 
Hased  on  these  data,  three  observations  may  ha  made,  first,  those  pilots  who  rated  their  SA  as  poor 
also  had  low  PPI  scorn,  reflecting  poor  performance.  Second,  those  pilot-:  rated  tliBlr  SA  as  average 


Table  1,  The 

dlstr 

< but  1  on  of  SA  retings  as 

a  function  of 

PPI . 

F-15 

F-16 

Pilot  Performance 

Inuek  (PPI) 

Good 

Average 

Poor 

Good 

Avtragt 

Pour 

SA  Rating 

Good 

21 

6 

13 

zo 

14 

10 

Avvrago 

0 

6 

1 

0 

3 

5 

Poor 

0 

0 

4 

0 

0 

had  average  PPI  scores,  Third,  and  most  Importantly,  for  those  pilots  who  rated  their  SA  as  guod,  a 
subset  had  superior  PPI  scores,  while  another  subset  had  average  or  low  PPI  scores.  It  appears  that 
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subjectively-reported  SA  may  rot  be  an  accurate  predictor  of  good  mission  performance.  Good  SA,  as  rated 
by  the  pilot,  appears  to  be  :  necessary  but  not  sufficient  contributor  to  good  pilot  performance. 

FPS  and  mission  performance ■  Three  missile  firing  regions  were  Ident  1  ■ , ed :  i)  a  preferred  region 
whore  most- of  the  pilots  launched  missiles  (BO-1001  RMAX2  for  the  nose  and  front  quarter  aspects,  and 
60-701  RMAX2  for  the  beam  aspect)',  7.)  a  secondary  region  where  most  of  the  remaining  pilots  launched 
(100-130*  RMAX2);  and  3)  a  transition  ragion.  Note  that  the  term  "preferred"  used  here  refers  to 
observed  pilot  FPS  and  does  not  necessarily  Imply  an  optimum  FPS.  The  highest  PP I  scores  were  In  the 
preferred  region  for  the  nose  and  front  quarte"  aspects.  For  the  beam  aspect,  which  Is  Icdlcatlve  of 
later  stages  of  an  air  combat  engagement  where  the  participants  art  closer  In  range,  the  highest  PPI 
scores  were  In  both  the  transition  and  preferred  regions.  Average  mission  performance  scores  were 
found  In  the  secondary  FPS  ragion.  tt  Is  of  significant  Interest  that  tht  poorast  scores  were  found  In 
the  preferred  region,  Indicating  that  FPS,  by  Itself,  Is  not  an  Indicator  of  good  mission  performance. 

To  obtain  Information  concerning  the  overall  distribution  of  scorn  by  FPS  area,  individual  PPI  scores 
were  surnied  for  all  trials  and  blotted  as  s  function  uf  FPS.  Thtia  data  are  shown  In  Figure  1,  which 
shows  that  mission  performance  is  highest.  wHhth  the  80 -  100X  RMAX2  region.  Mission  performance  values 
are  lower  at  closer  FPS  values  (e.g.,  Inside  the  80-1001  RMAX2  area)  relative  to  FPS  values  beyond 
this  preferred  area. 


FPS 


Figure  Mission  performance  (PPI)  as  a  function  of  fire  point  selection  area. 

A  number  jf  statements  summtrlie  the  FPS-performence  reletlonshlp.  First,  launching  within  the 
80-100*  RMAX2  area  may  lead  to  high  mission  performance,  but  does  not  guarantee  It.  Second,  launching 
within  the  secondary  FPS  region  red'-' .-s  the  opportunity  to  achieve  high  mission  performance,  but 
Increases  survivability.  Third,  launching  outside  the  preferred  and  secondary  FPS  regions  loads  to 
poor  mission  performance. 

FPS.  Reported  SA,  and  ml  s  s  I  on  performance .  It  waa  expected  that  the  moat  occur.'*-  predictions  of 
good  and  poor  mission  performance  would  pe  optalned  through  consideration  cf  the  Joint  operation  of 
fire  point  selection  and  pilot-reported  SA  level.  Tht  relationships  impng  PPI,  FPS,  and  pilot- 
reported  SA  are  presented  in  three-dlmenilonel  space  In  F1gu"e  2.  Each  set  of  points  represents  one 
participating  pilot's  FPS  values  avtraged  over  aspect  geometry,  Data  points  represented  by  cubei  ere 
those  pilots  Who  have  high  PPI  and  who  alio  reported  high  SA  levels.  Points  represented  by  pyramids 
are  those  pilots  who  have  average  PPI  levels,  and  who  reported  average  SA  levels.  Inverted  pyramids 
represent  pilots  who  had  low  PPI  scores  and  who  reported  low  SA  levels.  Finally,  the  black  balls 
represent  pilots  who  obtained  average  to  low  PPI  scores,  but  who  reported  high  SA  levels.  It  can  be 
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Figure  2.  Mission  performance  (PPM  it  a  function  of  fire  point  selection  area  (expressed 
at  a  percentage  of  RMAX2)  and  reported  situation  awareness  level. 

teen.  In  Figure  2,  that  the  highest  PPI  tcoret  were  associated  with  both  a  FPS  within  the  80-100* 

RMAXZ  region  and  high  SA  rankings.  Lower  performance  tcoret  were  observed  us  pilots'  FPS  diverged 
from  the  80-1531  UMAX 2  area  and  reported  lower  SA  scores.  It  can  alto  be  seen  that  the  drop-off  in 
performance  Is  more  severe  when  pilots  launched  their  weapons  Inside  the  80-100*  RMAXZ  area  relative 
to  launching  outside  this  preferred  area.  Consideration  of  the  relationship  of  all  three  variables 
allows  an  explanation  of  variability  of  PPI  values  within  the  preferred  FP5  region.  The  SA  ratings  of 
individual  pilots  allows  a  rank  ordering  of  pilots'  PPI  vslues  within  the  BO-lOOt  RMAXZ  region:  as 
pilot  SA  increases,  performance  also  Increases,  fielther  high  SA  or  proper  FPS  by  themselves  predict 
the  highest  performance;  It  is  their  combination  that  produces  optimal  mission  performance. 

It  was  observed  that  some  pilots  tended  to  overrate  their  SA  level  relative  to  their  mission 
performance.  In  order  to  Investigate  this  further,  pilot  PPI  scores  were  renk  ordered  and  compared 
with  their  respective  eel f.reported  SA  ratings.  This  ranking  allowed  the  separation  of  pilots  Into 
two  groups:  ')  pilots  whose  cel f- reported  SA  scores  reflected  actual  mission  performance  as  it  varied 
from  high  to  low;  and  2)  pilots  whose  self-reported  SA  scores  did  not  correspond  with  their  overall 
mission  performance.  As  can  be  seen  by  the  black  balls  in  Figure  2,  pilots  whose  self-reported  SA 
levels  were  not  representative  of  their  performance  tended  to  launch  outside  the  80-100*  RM1X2  area, 
resulting  in  lower  PPI  values.  These  pilots  tended  to  deviate  from  the  preferred  FPS  area  for  nose, 
front  quarter,  and  beam  aspects.  It  Is  possible  that  erratic  and  inconsistent  FPS  patterns  were 
evidence  of  a  lock  of  an  accurate  Internal  representation  of  the  air  battle.  This  incomplete  or 
Inaccurate  "state  of  knowing"  forced  pilots  to  enter  a  “state  of  doing"  that  was  less  than  optimal, 
and  possibly  even  random  in  some  cases,  which  resulted  in  poor  mission  perfomance.  On  the  other 
hand,  pilots  who  reported  high  SA  levels  and  launched  weapons  in  the  preferred  FPS  region  had  built  an 
accurate  mental  representation  of  the  alrTattle,  and  actively  searched  for  and  found  consistent  and 
controlled  FPS  launch  patterns. 

Two  statements  summarize  the  relationships  among  FPS,  pilot-reported  SA.  and  mission  performance. 
First,  launching  within  the  80-100*  RMAX2  area  may  lead  to  high  mission  performance  when  accompanied 
by  reported  high  SA  levels.  Second,  launching  at  extreme  or  erratic  FPS  values  may  ba  an  indicator  of 
poor  situation  awareness. 

There  appears  to  be  a  relationship  between  FPS  am!  mission  outcome  that  indicated  evidence  of 
aspect-dependent  optimum  FPS  areas.  Launching  weapons  within  these  zones,  on  the  average,  produced 
higher  performance  than  launching  outside  these  zones.  Launching  Inside  these  zones  reduces 
performance  dramotically  becauae  the  Increase  In  P*  la  overridden  by  the  decrease  In  P*.  Firing 
outside  these  zones  also  reduces  performance,  but  the  effect  Is  less  pronounced  since  this  performance 
decrease  Is  prlmorlly  due  to  decreasing  P«.  Experienced  fighter  pilots  know  that  these  FPS  rones 
exist,  but  scvoral  Information  elements  must  be  provided  to  the  pilot  In  a  coherent  format  before  he 
can  make  practical  use  of  this  knowledge,  These  Information  elements  are  task-specific  rathtr  than 
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global  In  nature,  jnd  nra  oftan  Inferred  (based  on  air  combat  training  experience).  Such  Information 
elements  include  relative  spatial  positions,  changes  In  these  relative  spatial  positions,  closure 
rates,  ownshlp  weapons  envelopes,  target  aspect  angles,  estimated  enemy  weapons  envelopes,  perceived 
enemy  tactics.  These  are  the  knowledge  elements  that  In  part  comprise  situation  awareness. 

Typically,  these  Information  elements  come  from  several  displays  as  well  as  the  pilot's  own  senses. 

The  Information  must  then  be  Interpreted  by  the  pilot  and  integrated  Into  his  rapidly-changing 
representation  of  the  air  combat  environment,  Unfortunately,  present  displays  do  not  afford  easy  and 
efficient  Integration  for  the  pilot,  which  In  turn  makes  It  difficult  to  achieve  satisfactory 
situation  awareness.  For  example,  In  a  beyond- visas' -range  engagement  the  only  Indication  e  pilot  has 
of  an  abrupt  adversary  counter-maneuver  may  be  a  rapid  decrease  In  Indicated  closure  rate.  The  pilot 
Is  then  forced  to  obteln  Informitlon  on  the  adversary1!  aspect  angle  from  another  display,  and 
Integrate  that  date  element  with  Informitlon  from  othir  displays  to  determine  rapidly  changing 
geometries. 

Definable  relationships  appear  to  exist  between  pilot-reported  SA  level,  task  execution,  and 
overall  performance  based  on  the  trials  selected  from  the  ANRAAH  DUE  slmulstlon.  This  data  basa  had 
savaral  limitations  that  affecttJ  tha  accuricy  of  SA  maasuramants.  Due  to  thasa  problems,  the  ixact 
natura  of  tha  complex  SA-performanci  reletlonahlpi  could  not  be  rigorously  sssessed.  These  results, 
however,  provide  a  basla  for  itructurlng  data  base  organisation  ana  data  collictlon  elements  In  future 
hlgh-reallem  simulations  of  air  combit. 


APPLICATIONS 

The  methodologies  and  rasults  described  have  applications  to  dill yn  araai  that  Includa  tha 
devalopmtnt  of  tactical  displays,  artificial  Intelligence  applications  for  fighter  aircraft,  and 
development  of  cockpit  automation  concepts. 

As  an  axampla,  It  la  Interesting  to  note  that  in  the  AMRAAM  DUE  simulation,  RMAX2  was  displayed  In 
itandard  F-15/F-16  heads-up  display  (HUD)  and  In  vertical  situation  display  (VSU)  formats.  However, 
the  pilots  chose  very  different  FPS  patterns,  Indicating  that  the  displayed  Information  was  used 
differently,  or  In  some  cases  may  not  hava  bean  uaid  at  all.  From  tha  perspective  of  tactlce!  display 
design  for  the  cockpit.  It  Is  crucial  to  develop  display  formats  that  allow  quick  and  accurate 
extraction  of  relationships  among  elements  related  to  situation  awaraness.  Portrayal  of  those 
relationships  are  Influential  In  determining  effective  axacutlon  of  tactical  tasks  such  as  fire  point 
selection.  A  specific  ekample  of  s  potential  display  format  that  Indicates  Information  relationships 
relevant  to  flrt  point  display  Is  shown  In  Figure  3,  One  candidate  SA  display  format  Is  shown  on  tha 
left,  while  an  alternative  display  formit  Including  FPS  relationships  Is  shown  on  tha  right.  In  thasa 
display  formats,  own  aircraft  Is  rapraaantad  by  tha  arrow  at  the  bottom  center  of  each  display.  The 
othir  three  irrowi  represent  adversary  aircraft  at  dlffarant  aipact  angles  and  dlfferint  ranges.  In 
tha  display  showing  FPS  rslatlonshlpi,  tha  launch  anvalopas  are  referenced  to  two  In-range  targets 
versus  own  aircraft.  (Not*  the  difference  In  launch  envelope  shapes  for  the  nose-on  and  beam  aspects, 
reflecting  the  effects  of  geometry).  Tha  shapa  of  the  envelope  attached  to  eech  target  elrcrert 
reflects  a  possible  preferred  and  secondary  FPS  regions,  giving  the  pilot  an  accurate  and  usablt 
representation  of  launch  options.  The  target  beyond  maximum  range  has  no  envelope.  This  example  of 
en  FPS-baied  dliplay  provides  the  pilot  with  relationships  that  map  more  closely  with  tha  pilot's 
mental  repreaentatlon  of  geometries  Inherent  In  air  combat,  allowing  greatar  correspondence  between 
the  dlspliy  format  and  the  mental  model  of  tha  dynamic  situation. 


Figure  3.  Possible  Situation  Awareness  displays  showing  missile  leunch  envelopes. 
Typical  "fan"  display  la  on  lefts  FPS-baied  display  Is  on  right. 
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SUMMARY 

The  Situational  Awareness  Rating  Technique  (SART)  has  been  developed  as  an 
evaluation  tool  for  alrorew  systems  design.  SART  provides  subjeotlve  estimates  of 
attentlonal  Demand  and  Supply,  and  ratings  of  Understanding,  whloh  are  postulated  to  be 
the  three  primary  components  of  situational  awareness.  Whilst  consistent  with 
oontemporsry  theories  of  cognition,  the  application  of  SART  requires  knowledge  of 
performance.  SART  eenaltivlty  seems  likely  to  depend  on  the  contribution  of  ekill,  rule, 
and  knowledge-based  behaviour,  and  on  the  role  of  expllolt  and  lmpllolt  knowledge  In  the 
candidate  taak  situation.  This  papsr  reports  an  evaluation  of  SART  In  three  alrorew 
systems  design  studies  with  different  task  requirements  i  (1)  Multiple  Task  Compatibility 
3tudy,  (2)  Attitude  Reoovery/Attentlon-Switohlng  Study,  (3)  Warnings  Comprehension  Study. 
SART  Demand,  Supply,  and  Understanding  ratings  showed  significant  effsots  of  experimental 
manipulations  In  all  three  studies.  The  relevsnos  of  the  speolflo  SART  components  was 
related  to  the  contribution  of  skill,  rule,  and  knowledge-based  behaviour  to  the  tasks. 
The  SART  ratings  also  highlighted  weaknesses  In  the  performance  measures  and  Improved 
their  Interpretation.  Thus,  In  combination  with  performance  measures,  SART  provides  a 
powerful  tool  for  alrorew  system  design. 


INTRODUCTION 

As  Situational  Awareness  (SA)  has  become  reoognlaed  as  a  major  design  objective, 
many  attempts  have  been  made  to  provide  a  working  definition  of  It.  These  definitions, 
whloh  have  proved  almost  as  numerous  as  the  authors  making  them,  these  are  listed  by 
Fracker  [1J.  They  all  contain,  however,  common  elements.  These  are  'knowledge  of  the 
pllot'j  'understanding  of  goala'jand  'taotioal  awareness'.  They  tend  to  ignore 
considerations  of  workload,  which  tend  to  be  treated  ul  Independent  of  SA.  Fraoker'a 
description  of  SA  Is  In  terme  of  tha  knowledge  structures  or  the  pilot  or  his  'sohemata' 
[2].  The  more  applloable  and  anourata  these  schemata  are,  then  the  better  the  pilot's 
assessment  or  the  particular  situation  and  hence  the  better  his  SA.  This  Is  mediated  by 
the  working  memory  limits  of  the  pilot  l.e.  insufficient  spare  working  memory  will 
Interfere  with  eohemata  being  osllwd  up  from  long-term  memory,  thus  resulting  In  reduoed 
capacity  for  situation  assessment  and  reduced  SA. 

The  spprosoh  taken  by  Fraoker  Is  an  essentially  theoretical  one,  with  empirical 
testing  of  It  as  a  oonsequenoe  rather  than  an  antecedent.  An  alternative  approaoh  to  the 
definition  of  SA  was  taken  by  Taylor  IS,1*].  He  used  Personal  Construct  Theory  [5]  »»  a 
method  of  ellaltlng  knowledge  from  aircrew  about  the  factors  affeotlng  SA.  Thus  this 
Approach  used  no  a  priori  definition  of  SA,  but  elicited  that  definition  empirically  from 
the  knowledge  and  experlenos  of  alrorew.  Taylor  found  that  ten  Independent  bipolar 
constructs  or  'dimensions'  emerged.  These  he  formed  Into  s  ten  dimensional  (10-D) 
Situational  Awareness  Rating  Technique  (SART)  shown  in  Figure  1  (below).  Further 
analysis  of  the  10-D  scale  results  indicated  that  there  were  three  major  groupings  or 
'domains'  within  the  ten  constructs.  He  classified  these  under  the  headings  of  Demand  on 
Attentlonal  Resouroeei  Supply  of  Attentlonal  Rssouroesi  and  Understanding.  The  10-D 
constructs  within  eaoh  or  these  three  domains  are  lndlaated  In  Figure  1.  These  generic 
groupings  were  formed  Into  the  three  dimensional  (3-D)  version  of  the  SAHT  eoale  shown  In 
Figure  2  (below). 

The  advantage  of  SART  Is  that,  alnoe  the  dimensions  were  elicited  from  the  knowledge 
of  alrorew,  then  they  are  likely  to  have  high  eoologlosl  validity.  This  le  likely  to  be 
beneflalal  in  applying  the  scale  In  the  design  of  Aircrew  systems,  particularly  In 
comparison  to  mors  theoretically  derived  spproaohea  to  SA  measurement.  Further,  since 
the  souls  takse  account  of  both  demand  and  supply  of  attentlonal  resources,  It  should 
provide  veins  measure  of  how  differing  workload  will  afreet  SA,  as  well  as  how  the  more 
'knowledge-based'  measures  apply.  What  Is  unclear  from  the  provious  SART  work  la  the 
aoourscy  of  the  seals  In  the  oomplsx,  dynamic  situations  facing  alrorew  and  the  degree  of 
'dlagnostlolty'  or  predlotlva  value  that  It  will  have  In  the  real-world. 

This  paper  dsiorlbss  thrss  sxperlmsnta  whloh  ware  conducted  to  try  to  evaluate  the 
utility  of  SART  as  s  tool  for  alrorew  systems  design,  both  In  terms  of  Its  aoouraoy  and 
Its  dlagnostlolty.  Rasmussen  [6]  provided  t  taxonomy  of  task  performance  In  terme  of 
three  types  of  behevlour.  These  he  celled  Skill-based  l.e.  manuel/vlsuo-epatlal  tasks 
requiring  little  application  of  either  rules  (algorithms)  or  knowltdgt  (heurletloi ) i 
Rule-based  l.s.  where  algorithmic  computation  of  Information  la  raqulrsd  to  perform  the 
task  by  means  of  defined  rules]  and  Knowledge-based  l.s.  where  existing  knowledge  must  be 
applied  hsurlstloally  to  perform  the  task.  This  taxonomy  was  used  saross  the  thrss 
experiments  to  attimpt  to  taat  tha  SART  scalas  with  tha  thrss  types  of  task,  in  an 
attempt  to  show  thst  any  utility  of  SART  will  bs  ginsrtllstble  saross  ths  variety  of 
tasks  feeed  by  aircrew.  The  three  studies  also  ust  performance  testing,  In  addition  to 


5-2 


SART  ratings.  Although  a  full  rsport  of  the  performanoe  measures  obtained  la  beyond  the 
aoope  of  thla  paper,  a  comparison  of  performance  data  and  SART  data  la  uaed  to 
Investigate  whether  the  soals  oan  be  a  uaeful  predlotor  of  operator  performanoe  and  the 
degree  to  which  It  la  sensitive  to  design  variation.  The  studies  also  attempt  to 
ascertain  the  utility  of  the  3-D  SART  scale  ea  a  low-lntrue ivenesa  alternative  to  the 
original  10-D  scale.  The  length  of  the  10-D  SART  might  prohibit  It  rrom  some  airborne 
applications  beoauae  of  Interference  with  the  fight  task.  Thua  the  shorter  3-D  SART  may 
be  more  applicable  to  ln-fllghi  testing.  These  otudlea,  therefore,  attempt  to 
Investigate  whether  the  same  generic  aonstruots  would  emerge  from  the  10-D  soale  and  if 
so,  whether  an  administration  using  the  generic  oonatruots  only  would  have  sufficient 
dlagnoatlolty  to  justify  Its  administration  In  plaae  of  the  10-D  Boale  where 
lntrus lveness  Is  a  primary  consideration, 

SART 

Figure  1  (below)  shows  the  10-Dimena lonal  (10-D)  SART  soale.  It  oontalne  the  ten 
unipolar  constructs  desorlbed  by  Taylor.  Each  Is  rated  on  a  seven-point  scale  from  LOW 
(1)  to  HIQH  (7). 

7I0URE  1.  10 -DIMENSIONAL  SART  SCALE 
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Figure  2  (below)  shows  the  3-Dlmenalonal  SART  scale.  It  contains  the  three  generic 
oonstruota  derived  by  SART,  plus  a  fourth  rating  of  subjective  situational  awareneas. 
Each  construct  Is  rated  by  marking  a  continuous  100  millimetre  line  from  LOW  (0  mm)  to 
HIQH  (100  mm). 

FIGURE  2,  3-DIMENSIONAL  SART  SCALE 
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An  administration  of  tha  SART  aoale  ualng  a  oombinad  10-D  and  3-D  aoale  waa  alao 
usad.  Ihli  waa  similar  to  tha  10-D  admlnlatratlon  with  tha  lnolualon  of  tha  four  ganarlo 
oonatruota  ahown  In  Plgura  2  and  uaad  tha  aavan-point  rating  aoala  ahown  In  figure  1. 

STUDY  1  -  MULTIPLE-TASK  COMPATIBILITY  STUDY 

INTRODUCTION 

Thla  study  lnveatlgatad  tha  compatibility  of  laft/rlght  hemlephera-apeolf lo  tsska  In 
competition  for  attentlonal  resources.  Wlckana  at  al  [7]  ahowed  that  cfual-taak 
performance  waa  Improved  when  Information  was  given  direct  aooeea  to  that  hemisphere 
dealing  with  Its  processing,  for  'right-handers'  thara  will  b»  a  benefit  whan  vlauo- 
apatlal  Information  la  displayed  to  tha  laft  visual  field  (and  hanoa  to  the  right 
cerebral  hemisphere),  with  the  opposite  being  true  for  verbal  Information.  This  finding 
has  potential  Implications  for  the  allocation  or  Information  on  Head  Up  Displays  (HUDa). 
This  etudy  used  a  simulated  HUD  to  Investigate  whether,  with  a  oentral  (l.e.  laft  and 
right  visual  field)  tracking  task,  there  waa  a  benefit  In  displaying  additional 
peripheral  Information  aeoordlng  to  the  Wlckana  et  al  model.  The  experimental  tasks  were 
essentially  Skill-based  calling  on  both  manual  tracking  and  attention-switching  skills. 

It  was  aleo  hoped  to  show  that  the  SART  scale  would  be  sensitive  to  the  differences  In 
attentlonal  demand  lnduoed  by  the  experimental  variables. 

METHOD 

Subjeots  were  required  to  perform  combinations  of  four  experimental  tasks.  The  first 
was  to  monitor  the  random  movement  of  a  pointer  against  a  fixed  vertical  scale,  and  to 
respond  when  the  pointer  reaohed  the  upper  or  lower  scale  limit.  The  visual  field  to 
which  the  pointer  task  was  pressnted  was  varied.  The  seaond  task  was  to  maintain  the 
position  of  an  alroraft  reference  symbol  In  relation  to  a  pitch  bar.  The  pltoh  coals 
movement  simulated  deviations  In  both  roll  and  pitch.  This  traoklng  task  ocourred  In  the 
centre  of  the  S's  visual  field.  The  third  task  was  a  short-term  memory  task  [8], 
subjeots  were  presented  with  a  series  of  seven  single  digits,  displayed  In  the  oentre  of 
the  aircraft  reference  symbol.  Subjeots  were  asked  to  read  the  digits  aloud,  as  they 
were  presented,  and  to  report  whether  a  subsequent  digit  (presented  after  a  two  seoond 
delay)  had  ooourred  during  the  Initial  seven.  The  fourth  task  was  used  as  an  alternative 
to  the  memory  task  only.  This  waa  a  simple  vigilance  task.  Subjaota  were  required  to 
monitor  the  oentre  of  the  aircraft  reference  symbol  and  to  respond  when  a  target  (the 
latter  X)  was  presented.  The  pointer  task  was  taken  as  the  primary  task,  and  waa  carried 
out  with  and  without  the  concurrent  traoklng  and  memory/vigllanoe  tasks  to  provide  the 
variation  In  task  workload.  The  number  of  correct  Identifications  made  on  the  pointer 
task  wae  taken  as  the  main  performance  measure.  The  combined  10-D/3-L  SART 
administration  was  used. 

RESULTS 

TABLE  1.  VARIMAX  ROTATED  PAOTUHS  OBTAINED  PROM  THE  OOMBINED  10-D/3-D  SART 
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A  Principal  Components  analysis,  using  Vsrlmax  rotation,  was  performed  on  tha  soorss 
obtained  from  the  oomblnad  10-D/3-D  SART  The  results  are  ahown  In  Tabls  1  (above).  Pour 
faotors  wero  found,  which  aocountad  for  over  75*  of  the  total  variance.  The  first  factor 
weighted  highly  on  the  generic  'Demand  on  Attentlonal  Reaouroee'  plus  the  three  original 
dlmanalona  which  had  bean  grouped  to  produce  that  conitruot.  This  faotor  accounted  for 
the  largest  proportion  of  the  total  varlano*.  Thla  la  In  line  with  tha  predictions  of 
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th*  study  wh«r«  demand  was  th*  main  experimental  varlabla.  Tha  aaoond  factor  walghtad 
highly  on  tha  generio  'Underetandlng'  oonetruot  plua  tha  thraa  original  dimension* 
groupad  within  It.  Tha  third  faotor  walghtad  highly  on  'Supply  of  Attantlonal  Reaourcoa' 

Slut  thraa  of  tha  four  diatniiona  groupad  within  It.  Tha  exception  waa  'Span  Mental 
apaolty'  which  appaarad  mora  linkad  to  Demand  and  Undaratandlng  in  thla  atudy.  Tha 
fourth  faotor,  whloh  aooountad  for  only  a  amall  proportion  of  the  total  variance, 
walghtad  highly  on  tha  'Situational  Awaraneaa'  oonatruot.  Thua  tha  factors  enlarging 
appear  to  be  In  line  with  thoaa  found  by  Taylor,  with  tha  only  deviation  being  for  Spare 
Mental  Capaolty.  Situational  Awaraneaa,  aa  a  oonatruot,  aooountad  for  little  variance  and 
showed  only  weak  links  with  tha  other  oonstruots. 

The  primary  performance  measure  (Pointer  task)  showed  significant  differences  across 
the  experimental  . conditions.  The  number  of  'Kits'  scored  on  this  task  was  algnlf lcantly 
reduced  by  tha  addition  of  tha  Traoking  task  (p(0.001)  and  tha  Memory  task  (pTo.001). 

It  also  showed  a  aignlfloant  Memory  by  Tracking  Interaction  (p(O.OOl)  with  aoorts 
showing  tha  largest  decrement  where  the  two  additional  tasks  ware  required  concurrently . 
The  implication  of  these  results  la  that  the  Pointer  task  was  sensitive  to  Inoreeies  in 
workload,  with  sooras  being  raduoed  aa  additional  aouroes  of  workload  wars  Imposed. 

ANOVAs  ware  carried  out  on  tha  faotora  obtained  by  tha  Frlnolpal  Component! 
analysis  to  determine  tha  sensitivity  of  the  faotora  to  the  lnorectea  in  workload  aoross 
conditions.  Paotor  1, whloh  oorrespondad  to  the  Demand  constructs,  showed  a  significant 
Increase  with  tha  addition  of  the  Memory  task  (p(0.001)  and  tha  Traoking  task  (p(0.001). 
Thera  was  also  a  significant  Memory  by  Tracking  interaction  (p(0.01).  Thla  provides 
further  avldanoe  that  this  faotor  provided  a  measure  of  the  demands  of  the  tasks  alnoa  It 
showed  the  same  pattern  as  the  primary  performance  measure.  Paotor  2,  corresponding  to 
Understanding,  showed  a  significant  effect  (p(0.001)  of  the  presence  of  the  Memory  task 
only.  Scores  on  Paotor  2  were  lower  during  the  Memory  task,  Slnoa  the  Memory  task  was 
tha  only  Rule-based  task  used,  thla  supports  the  idea  that  Paotor  i  la  measuring 
Understanding,  slnoa  It  is  understanding  that  Is  likely  to  be  sensitive  to  changes  in 
rule-based  behaviour.  Factor  3,  corresponding  to  Supply,  showed  an  lnorease  (p<0.05) 

In  scores  when  the  Traoking  task  waa  present.  This  Is  a  smaller  effeot  but  may  Imply 
that  supply  of  attention  was  being  Increased  to  dope  with  the  continuous  Tracking  task. 
There  were  no  significant  effects  of  Paotor  4. 

DISCUSSION 

The  results  of  thla  study  provide  good  support  for  the  internal  SART  structure 
suggested  by  Taylor.  The  three  generic  oonstruots  or  Demand,  Supply,  and  Understanding 
and  their  associated  dimension  groupings  appear  to  re-smerge  In  this  atudy.  The  only 
exception  to  this  la  Spare  Mental  Capaalty  whloh  no  longer  appears  to  lie  within  the 
supply  aonatruat  grouping.  It  Is  unclear  from  thla  atudy,  however,  whether  thla 
dissociation  la  an  artifaot  of  the  design  or  a  genuine  erfeeb.  A  comparison  of  tha 
performance  and  the  SART  data  shows  that  both  appear  to  have  sensitivity  to  the  design 
variables.  They  provide  a  further  Indication  of  the  validity  of  the  generic  groupings, 
slnoa  the  faotor  aoores  obtained  are  consistent  with  the  a  priori  predictions  within  the 
experiment.  Demand  waa  sensitive  to  the  lnorease  In  the  number  of  tasks  subjects  were 
required  to  perform.  Understanding  was  sensitive  to  the  Inclusion  of  a  mora  rule-b&aed  or 
'cognitive'  task.  Supply  appeared  to  be  sensitive  to  the  lnoluslon  of  a  continuous  rather 
than  discrete  task.  The  laok  of  diagnostic  power  of  the  fourth  faotor,  whloh  appeared  to 
represent  the  unldlmanslonal  Situational  Awareness  rating,  oan  be  taken  as  further 
evldenoa  of  the  need  for  a  multidimensional  a  sale  to  represent  aaourately  a  concept  aa 
oomplex  as  SA. 


STUDY  2  -  ATTITUDE  RSCOVSRY/ATTENTION-SWITOHINd 


INTRODUCTION 

This  atudy  Investigated  whither  there  were  penalties  during  attitude  reaovery  caused 
by  the  need  to  switch  attention  between  more  than  one  type  of  attitude  reference,  Where 
the  HUD  la  being  used  aa  tha  primary  flight  Instrument,  penalties  may  occur  in  switching 
rrern  the  HUD  attitude  reference  system  to  a  conventional  Attitude  Indicator  (AI)  within 
the  oookplt  and  vice  versa.  Such  dlfrioultles  may  occur  If  having  to  ewitoh  attention 
rapidly  between  the  two,  as  during  emergency  attitude  recovery,  results  in  the  operator 
having  an  Inappropriate  mental  model  or  schema  In  his  working  memory.  This  may  lead  to  a 
delay  occurring  bsrors  he  can  prooeed  with  understanding  the  attitude  representation, 
whilst  ths  approprlsts  sohsma  la  bslng  seleoted.  Suoh  delays  may  suggest  that  a  common 
representation  should  bt  available  both  Kead-Up  and  Head-Down.  Thla  study  used  an 
attitude  reaovery  peradlgm  to  Investigate  this  uTfeot.  Three  types  of  ettltude  reference 
Were  used.  The  first  wae  e  canted  pitch  bar  HUD  eoale.The  second  wee  a  simulated  computer 
graphics  AI  ball.  Ths  third  was  a  pictorial  'Follow  Ms'  Command  Indicator  (Cl).  This 
was  In  the  form  of  a  llne-astern  view  nf  a  'buddy'  alrorart  whloh,  If  followed,  would 
guide  one’s  own  alroreft  baok  to  ths  desired  attitude  [9,10]. 

METHOD 

Eighteen  alrorew  subjects  were  tested.  All  subjects  were  etudent  pilots  reoeivlng 
combat  training  and  were  of  similar  age  and  flying  experience.  All  subjects  had 
experisnoe  of  AI  symbology  but  wars  naive  to  HUD  symbology,  Pair*  of  atatic  attitude 
representations  were  presented  taohiatoscoploally  to  subjects,  with  a  two  esoond  lntarval 
batwaan  tha  first  and  aeoond  presentation*.  Th*  first  attitude  wee  presented  as  the 
Desired  Attitude.  Subjects  were  required  to  hold  this  In  memory  until  presentation  of 
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tha  aecond  attitude,  designated  the  Aotuel  Attitude.  Subjeote  were  required  to  make  the 
appropriate  input  (via  a  Joystick)  to  reoover  from  the  Aotual  attitude  to  the  Daaired 
attitude.  Desired  attitude  was  represented  using  either  the  HUD  or  the  AI  attitude 
referenoe  system.  Aotual  Attitude  was  presented  either  using  the  HUD  or  AI  systems  or  by 
the  'Follow  Me1  Command  Indicator.  Where  the  Cl  was  presented,  subjsote  did  not  needto 
oaloulate  relative  differences  between  Aotual  and  Doaired  attitudes,  but  merely  to  malte 
the  oontrol  input  necessary  to  follow  the  displayed  airoraft.  Six  conditions  were  given 
to  each  subject  l.e.  both  initial  reference  systems  with  each  of  the  three  types  of 
secondary  representations.  There  were  eight  trials  per  condition.  In  order  to  study  the 
rule-based  aapeats  of  the  task  only,  auojeots  were  required  to  only  make  the  initial 
input  towards  the  recovery  rather  than  to  oomplete  the  scries  of  oontrol  inputs  needed  to 
make  a  full  reoovery.  This  was  since,  to  be  able  to  make  the  initial  input, 
understanding  of  tha  attitude  differential  mutt  have  been  gained  and  tha  relevant  mental 
rules  for  recovery  Instigated.  Subjects  were  required  to  oomplete  a  3-D  SAHT  scale  after 
each  trial  (pair  of  attitudes)  and  a  10-D  SAHT  after  completion  of  each  condition. 

RESULTS 

TABLE  2.  VARIMAX  ROTATED  FACTORS  OBTAINED  FROM  THE  10-D  3 ART 


FAC.  1 

FAC. 2 

FAC, 3 

INSTABILITY 

0,08 

0.7S 

-0.24 

COMPLEXITY 

0.20 

088 

0.08 

VARIABILITY 

0.13 

08S 

-0,12 

AROUSAL 

0.01 

o.  ts 

-0,78 

CONCENTRATION 

-0.S6 

0.12 

-0,41 

DIVISION  OF  ATTENTION 

-0  37 

0.13 

-0,82 

SPARE  MENTAL  CAPACITY 

-0,22 

-0  S3 

-0.44 

INFORMATION  QUANTITY 

-0,82 

-0,24 

-0,17 

INFORMATION  QUALITY 

-0.78 

-0.10 

-0.28 

FAMILIARITY 

-0,72 

-0.10 

0.19 

A  Principal  Components  analysis  on  the  data  from  the  10-D  SART  produced  three 
faators  whloh  are  shewn  in  Table  2  (above).  The  highest  weightings  on  Factor  1  are  for 
Information  Quantity,  Information  Quality,  and  Familiarity.  This  is  the  same  grouping 
found  by  Taylor  within  his  generic  Undemtsrdinc  oonstruot.  The  highest  weightings  on 
Faotor  2  are  for  Instability,  Oompluxlty,  and  Variability.  This  again  oorrssponds  with 
the  grouping  found  for  Demand  on  Attentlonal  Resources.  The  highest  weightings  on  Faotor 
3  are  far  Arousal,  Concentration,  Division  of  attention,  and  Spare  Mental  Capacity.  This 
in  turn  corresponds  to  the  original  grouping  found  Tor  Supply  or  Attentlonal  Resources. 
This  pattern  is  further  confirmed  by  the  greatest  amount  of  total  variance  being 
accounted  for  by  the  understanding  dimensions,  whloh  is  what  would  be  predicted  for  a 
predominantly  rule-based  task. 

ANOVAa  were  performed  on  the  three  factors  derived  from  the  10-D  S.A.R.T  and  on  the 
scorns  from  the  3-D  SART  to  test  their  nensitlvity  to  ths  experimental  conditions.  Faotor 
1  (Understanding)  was  found  to  differ  signifioantly  across  the  representations  used  Tor 
both  the  first  arid  second  attitudes,  Faotor  1  scores  were  lower  overall  when  the  HUD  was 
shown  first  (p(0.01).  This  is  probably  due  to  the  subjects'  inexperlenae  with  the  HUD 
pltoh  soals  reduoing  their  understanding  of  it.  Faotor  1  scores  ware  also  significantly 
lower  (p(0.05)  when  the  HUD  was  presented  second  than  when  the  AI  was  presented  seoond. 
Again  this  would  imply  a  reduced  understanding  of  the  symbology  in  the  HUD 
representation,  which  was  unfamiliar,  as  compared  to  the  muoh  more  familiar  AI  symbology. 
Scores  for  ths  01  condition  fell  between  the  two  other  conditions.  High  understanding 
was  not  expeated  with  the  Cl  since  it  did  not  require  the  same  depth  of  understanding  to 
oomplete  the  task.  An  ANOVA  on  soores  from  the  3-D  Understanding  rating  showed  a  similar 
pattern  of  results  with  "ignlfioant  differences  between  attitude  referenoe  systems  on 
both  the  first  (p(0.01)  <nd  second  (p(0.001)  representations.  In  both  cases  the  HUD 
provided  reduced  understanding. 

Factor  2  (Demand)  showed  a  significant  difference  between  the  attitude 
representations  presented  seoond.  The  HUD  produaed  the  highest  soores  while  ths  Cl 
produced  the  lowest  (p(0.001).  The  HUD  symbology  would  be  expected  to  require  higher 
mental  workload  to  use  than  the  AI  slnoe  it  was  a  unfamiliar  to  the  subjects.  The  Cl 
would  be  expeated  to  osuee  the  least  workload  since  it  did  not  require  computation  of 
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relative  attitude  differences,  aa  with  tha  other  rapreaentationa ,  but  merely  a  oontrol 
input  to  eohleve  an  attitude  relative  to  the  pilot 'e  egooentrio  position,  For  tha  3-D 
Demand  soorea,  a  eimilar  pattern  waa  aaen  Kith  differanoea  occurring  only  between  the 
eeoond  typea  of  attitude  referenoe.  Again  the  HUD  waa  found  to  produoe  the  hlghaat  demand 
and  the  01  the  lowaat  (p  0.001).  Neither  Factor  3  nor  tha  3-D  Supply  oonatruot  detected 
eny  elgnifloant  dlfferenoee. 

Theaa  raaulta  are  ooneiatent  with  tha  performanoa  data,  where  oondltlone  in  whioh 
the  eeoond  praaantatlon  uaed  the  HUD  aymbology  produoed  longer  reaponae  latanoiaa 
(p(0.01)  than  thoee  ueing  the  A1  aymbology.  The  ahorteat  reaponae  times  were  produoed  by 
the  Cl  oondltlone. 

DISCUSSION 

It  appears  that  the  redueed  understanding  (and  consequently  higher  workload) 

Sroduoed  by  the  HUD  aymbology  af footed  the  tint  needed  to  begin  reoovery  of  the  alroraft. 
y  providing  a  01,  whioh  reduoed  the  oomputational  workload  even  further  (by  reduolng  the 
need  for  understanding  of  relative  attitude  dlfferenoee) ,  then  reoovery  was  instigated 
more  qulokly.  Both  the  10-D  and  3-D  SART  aoalee  appeared  to  be  eenaltiva  to  theaa 
differanoea.  Alao,  the  oonatruot  groupings  found  by  Taylor  within  the  10-D  SART 
reemerged,  showing  the  earns  oloae  correspondence  to  hla  throe  generio  dimensions. 

Further,  it  provide*  evldenoe  of  the  diagnoatiolty  of  the  SART  methodology  for  rule-baaed 
tasks  within  the  aviation  oontaxt. 

STUDY  3  -  WARNINGS  COMPREHENSION 


INTRODUCTION 

Helmet  Mounted  Display  (HMD)  technology  offers  the  faeillty  for  the  presentation  of 
graphloal  warnings  to  the  pilot  at,  or  near  to,  hia  looua  of  fixation.  These  oould  take 
the  form  of  visual  "loons"  or  ploturei  of  the  warning  situation  preaent.  The 
availability  of  voloe  technology  in  tha  cockpit  alto  allows  th*  generation  of  apeeoh 
loon*  or  verbal  warning  message!  for  presentation.  The  aim  of  both  of  these  types  of 
warning  is  to  inform  the  pilot  aa  qulokly  aa  possible  of  tha  nature  of  the  problem  faolng 
him,  thua  allowing  him  to  take  oorreob  remedial  action  immediately.  Thus  both  speed  and 
depth  of  understanding  are  important  for  the  pilot  to  understand  and  aot  quickly  and 
oorreotly. Integrality  theory  predicted  that  the  use  of  Integral  bl-modal  information 
presentation  would  improve  understanding  [11].  This  study  aimed  to  demonstrate  that  an 
Improvement  in  underetendlng  would  occur,  and  that  the  SART  aoale  would  be  sensitive  to 
that  ohange. 

METHOD 

Subjects  were  presented  with  either  Viaual,  Auditory,  or  Both  typea  of  warning  icon 
describing  real  aircraft  'Warning'  (high  priority/threat)  and  'Caution'  (low 
priority/threat)  situation*.  The  Viaual  loon*  used  ware  generated  by  Alrorew  aa  being 
meaningful  representations  of  those  situations.  Th*  Verbal  warning  messages  were  baaed 
on  the  F/A18  Voice  Warning  System  and  described  th*  earn*  Warnlnga/Oautlon*  as  tha  Viaual 
leone.  Where  both  types  of  icon  were  presented  elmultaneoualy,  the  situations  given  in 
each  modality  were  always  matched.  Subjects  were  asked  to  olatslfy  each  situation  as 
either  'Warning'  or  'Caution'  and  then  to  rats  ths  threat  associated  with  it.  Reaponae 
times  wars  taken  from  th*  onset  of  the  verbal  messages.  They  were  alao  required  to 
complete  a  3-Dlmenalonal  SART  rating  for  eaoh  stimulus.  Twelva  non-aircrew  subjects  were 
tested,  all  with  normal  hearing  and  vision.  Training  was  given  to  subjects  prior  to  the 
experiment  to  ensure  that  the  situations  presented  would  be  meaningful  to  them. 

RESULTS 

TABLE  3.  MEAN  RTs  and  SART  scores  for  modality  presentation  conditions. 


VISUAL 

AUDITORY 

BOTH 

RT  (tee) 

IPS 

2.06 

1,63 

DEMAND 

43,62 

90.61 

49.97 

SUPPLY 

99.28 

97,37 

93.34 

UNDERSTANDING 

71.79 

73,90 

74.76 
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It  can  ba  aeon  from  Table  3  that  th*  shortest  response  letenolaa  were  produced  by 
the  Visual  loone  (p(0.01),  with  the  Both  condition  being  Taster  than  the  verbal  tsona 
alone  (p <0, 05) .This  is  oontrary  to  the  predictions  of  Integrality  theory  where  the  Both 
condition  would  be  expected  to  show  the  shortcut  latencies.  This  may  be  explained  by  the 
length  of  the  voice  messages  introducing  a  baseline  Increase  on  RTa  beoause  of  the 
arbitrary  point  from  whlah  timings  were  taken.  This  was  confirmed  during  debrief  of 
subjects,  some  of  whom  reported  waiting  until  the  message  was  completed  before  responding 
even  when  understanding  had  been  achieved.  This  Is  further  supported  by  the  results 
obtalnsd  from  the  3-D  SART  soores.  It  osn  be  seen  from  these  that  Understanding  was  rated 
as  slgnif loantly  higher  for  the  Both  condition  thus  supporting  the  Integrality  hypothesis 
(p(0,05).  The  Undaratandlng  rating  also  correlated  slgnif loantly  with  RTa  within 
conditions  (r“  -0.38,  ptO.05),  Implying  that  increased  Understanding  reduces  R'fs  and  that 
between  condition  differences  in  Hit  are  likely  to  be  the  reeult  of  experimental 
artifact! . 

DISCUSSION 

The  reeulte  of  Study  3  provide  further  eupport  for  the  dlagnoetlolty  of  the  SAHT 
scale.  The  experimental  task  uaad  was  antirely  'knowledge  baaed1  and  thue  the  aoale 
would  be  expected  to  show  dlffsrsnoss  In  Understanding  soorss.  It  can  bs  seen  that 
variation!  in  Information  quality  prsduosd  significant  lmprovemanta  in  rated 
undaratandlng  by  subject!.  These  difference*  are  small  ainat  only  ona  piaoa  of 
Information  waa  balng  prasantad  (rathar  than  the  multiple  eourcaa  found  In  t  cockpit, 
which  would  be  expeoted  to  produce  greater  difference*).  The  amount  of  weight  that  can 
be  attributed  to  them  la  unfortunately  rsduoed  by  the  pretence  of  a  probabla  artifact  In 
th*  Haaponse  Tim*  meaeura.  However,  the  alglilfibant  negative  correlation  between 
Understanding  scores  and  RT'a  Implies  that  tha  Undaratandlng  soala  waa  providing  u 
measure  of  performance  as  predicted  l.e,  a*  understanding  improvad  then  th*  time  needed 
to  perform  th*  talk  waa  reduoed,  Further  research  will  need  to  be  conducted  (uelng  more 
oomplex  multiple  information  soursea)  to  develop  a  oomplet*  plotura,  but  it  items  likely 
that,  where  the  design  variable  is  undantindlng/ocnvayed  knowledge,  then  the  SART  aoale 
will  have  utility  ae  a  predlotor  of  performance  with  that  system. 


GENERAL  DISCUSSION 

Tha  three  studies  described  her*  provide  support  for  tha  SART  methodology.  Principal 
Components  analysis  on  tha  10-D  SART  data,  for  both  or  the  first  two  studies,  revesled 
very  similar  ccnatruat  grouping!  to  those  found  by  Taylor.  Thee*  seem  to  oorreepond  to 
the  dimensions  of  Demand  on  Attentlonal  reaouresa,  Supply  of  Attentional  Resources,  and 
Undaratandlng.  Thle  is  further  aonrirmed  by  the  inoluelon  of  thee*  generic  dimensions  as 
a  3-D  SART  Implementation.  Tha  doe*  correepondeno*  between  the  two  eouroee  of  data  add 
validity  to  the  exlatenc*  or  th*  3-D  SART  is  a  meaningful  scale.  Further,  tho  pattern  of 
the  relationships  between  the  SART  data  and  th*  performance  data  alio  support  tha  three 
dimensional  Interpretation  of  the  SART  soala.  Thus,  although  th*  definitions  or  the 
three  gtneria  groupings  should  not  be  regarded  In  any  way  as  absolute,  they  do  provide  a 
useful,  low-intrusive  alternative  to  th*  more  time  consuming  10-D  SART. 

These  studlae  elec  show  that  SAHT  can  have  utility  for  predicting  performance  on 
skill,  rule,  and  knowledge-based  tasks.  For  skill-based  tasks,  it  Is  llkaly  to  provlds 
th*  greatest  sensitivity  through  th*  Demand  group  of  oonetruote,  whilst  for  rule  and 
knowledge-based  tasks  the  Understanding  conatruots  are  likely  to  beoome  more  Important. 
Th*  utility  of  th*  Supply  constructs  as  a  diagnostic  msaaurs  did  not  become  apparent  In 
any  of  the  studlae.  This  may  bs  sines  the  time  span  of  each  was  short  and  thus  did  not 
highlight  differences  in  supply  of  attention.  Such  measures  may  beoome  more  relevant 
where  th*  period  over  whlah  supply  of  attention  is  required  Is  Increased,  and  maximal 
supply  strategies  cannot  be  maintained.  Thue  supply  oonw^ructs  may  show  greater 
dlagnostlolty  when  applied  In  the  mors  demanding  arena  of  extended  reel-time  flight 
tasks.  Also,  effects  such  as  boredom  may  be  sensitive  to  the  Supply  domain.  Further 
research  Is  required  to  Identify  accurately  the  role  which  supply  Is  playing  In  pilot  HA. 
A  better  understanding  or  th*  relationship  between  Demand  and  Supply  may  also  prove 
useful  in  the  application  of  workload  analysis  techniques  based  on  measures  of 
attentlonal  demand  [12]. 

The  SART  epprcaah  has  shown  Itself  to  have  utility  In  the  derivation  of  a  rating 
technique  directly  from  the  knowlsdgs  of  those  operators  it  waa  designed  to  meaeure. 
Although  the  approach  waa  contrasted,  earlier  In  thle  paper,  with  other  attempts  to 
define  SA,  It  ahould  be  noted  that  the  result!  of  each  may  combine  to  produce  a  better 
undaratandlng  of  the  concept.  Consideration*  of  'Schemata'  [1],  'Cognitive  Stylo'  [13], 
and  Individual  difference!  may  prove  useful  in  refining  the  technique.  It  can  be  seen, 
however,  that  SART  can  provide  not  only  a  definition  of  what  SA  ie  and  what  affect*  It, 
but  aleo  a  potentially  powerful  tool  for  its  measurement.  More  research  is  rsquired  to 
develop  a  method  of  conjoint  scaling  Tor  th*  SART  dimensions,  to  allow  the  generation  or, 
perhaps,  a  single  numerloal  value  for  SA.  Thle  would  provide  a  simple  but  meaningful 
Index  of  SA  between  ayetema.  There  Is  also  the  need  for  validation  of  the  aoale  within 
th*  more  oomplex  and  dynamic  aettlng  of  real-world  aviation.  It  is  likely  to  be  within 
thle  context  that  a  fuller  underitendlng  or  th*  relationships  between  eoale  dimensions 
will  be  aohlevtd.  As  the  situation  facing  the  pilot  becomes  Increasingly  uncertain,  then 
any  shortfalls  in  th*  aoale  are  likely  to  become  epperent.  Th*  ability  to  maintain  self- 
awareness  luff ioiently ,  under  the  extreme  mantel  and  phyeidal  pressures  feeing  th*  pilots 
of  military  oombat  alrorart,  to  uae  a  subjective  rating  soale  accurately,  may  prove  tn 
important  consideration  in  tha  application  of  SART  in  aircrew  eyetsme  deelgn. 


J-H 
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SUMMARY 

A  model  of  how  peopli  develop  end  maintain  situation  awareness  was  explored  in  a 
eerlee  of  four  experiments,  These  experiments  focuaad  on  the  role  of  attention  allocation 
In  situation  awereneaa,  All  four  experiments  supported  the  hypotheala  that  attention  is 
limited  in  supply  contrary  to  recently  proposed  unlimited  supply  theorise.  Unlimited 
supply  theorise  do  not  predict  attention  gradients  in  which  more  attention  is  allocated  to 
some  things  than  to  others.  Spatial  awereneaa  data  from  all  four  experiments  showed  that 
more  attention  wae  paid  to  enemy  aircraft  thet  directly  threatened  the  subject  then  wee 
paid  to  other  aircraft.  Experiment  2  ahowtd  that  the  resulting  attention  gradient  steep¬ 
ened  as  enemy  number  lncreaaedt  whan  attentlonal  demand  was  increased  by  Increasing  the 
total  number  of  aircraft,  subjects  seemed  to  increase  the  amount  of  attention  petd  to 
direct  threats  by  reallocating  attention  previauely  paid  to  other  aircraft.  Experiments  3 
and  4  provided  additional  support  for  the  reallocation  hypothesis  by  showing  that  leas 
attention  wee  paid  to  individual  neutral  aircraft  when  the  number  of  enemy  aircraft  ln- 
creised--even  though  the  total  number  of  aircraft  had  not  changed,  These  date  suggest 
that  attention  is  allocated  to  objects  based  on  the  degree  to  which  they  threaten  or  can 
aaaist  the  aubjact'e  task  performance. 


1,  INTRODUCTION 

In  a  rapidly  changing  tactical  situation,  how  uwere  are  pilots  of  those  factors  that 
should  influence  thslr  response  decisions?  Whan  engaged  in  alr-tn-ulr  combat,  two  of  tiin 
mure  important  Questions  pilots  need  anawsra  to  Include  which  aircraft  are  friend,  fua, 
and  neutral  (FFN),  and  where  each  aircraft  la  at  any  glveh  moment  In  tlma,  Answers  lo 
these  two  questions  are  components  of  the  pilot's  situation  awaronasni  I  refer  to  theeo 
components  as  "FFN  awaraheaa"  and  "spatial  awareness  ,  respectively,  In  order  to  Improve 
those  two  compohenti  of  e  pilot1*  situation  awareness,  new  typoa  of  information  dlnplny* 
may  be  needed,  But  what  should  theea  new  dlepieye  be  llkel  If  a  tri a  1-nnd-ortor  approach 
to  answering  this  question  ia  to  ho  avoided,  a  guiding  thaory  of  situation  nwnrohoen  la 
needed ,  Such  a  theory  would  specify  the  pey  cholug  1  c.n  I  procesana  that  uhdorl.lo  sltunllon 
awareness.  In  two  earlier  articles,  1  proponod  a  theoretlcnl  framework  thnl  focuaod  on 
the  role  of  long-torm  memory  in  maintaining  eltuutton  nwnreiuiaa  (2,  3).  The  prenenl  pnput 
in  more  narrowly  focueed  on  a  series  of  empiricut  studies  of  the  role  ntiontlnh  may  play 
1  ft  situation  awaraneas, 

Situation  awaraneas  Mu  y  begin  when  a  limited  "supply"  of  attention  Is  d  l  at  r  l  but  t«d 
across  the  elements  ot  n  situation  (IU,  13,  15,  18,  11,  20).  Bemuse  at.  t  out  I  on  In  limit- 
ail,  the  person  may  ullocata  more  attention  to  ami  elamonta  than  others  depend  lug  upon  the 
priority  ho  naetgns  to  each,  Priorities,  In  turn,  should  ho  determined  by  llio  degree  In 
which  auch  element  threatens  nr  contributes  to  successful  tnsk  completion  (compute  the 
rols  of  salience  in  attention  allocation  discussed  by  Wallsleii,  17),  It  the  elamonta  or 
the  situation  are  aircraft,  the  highest  priority  may  be  assigned  tn  enemy  nlrrrnlt  thnl 
are  attacking  tht  pilot,  Friendly  aircraft  cnpnblo  of  assisting  tho  pilot,  may  receive  tlia 
next  highest  priority,  Other  nlrrroft  should  receive  only  whatever  intention  remains 
available.  This  differonllsl  s  t  I  oca  1 1  on  of  a  1 1  ra  1 1  eil  supp  1  y  of  attention  la  refer;  e  rl  In 
ns  eu  ttUbniipn  timliiil- 

Although  intuitively  appealing,  Hirst  (H,  h)  and  Nnvon  (12,  14)  have  recently  chal¬ 
lenged  the  neaumpt  I  on  thnl  I  he  supply  or  attention  Is  llmlleil,  They  hove  argued  i  lint 
utlsnlJunnl  capacity  la  virtually  unlimited  anil  Hint  npparnnl  limits  In  that  supply  mo 
doe  to  othor  far  tor  a,  Hirst  auggeata  that  what  wo  think  of  ns  "attention"  Is  really  noun 
am  of  skills  needed  to  perform  a  particular  task,  Apparent  hulls  In  ntlenllon  arise 
whan  those  needed  skills  nre  not  adequately  developed,  Navou  believes  that  seeming  limits 
to  attention  appear  when  "oulcomo  conflicts"  arise  hetwoen  rompnneiitn  ot  a  complex  task 
(cf,,  b ) ,  In  some  ways,  these  seeertione  of  Hirst  nnd  Nsvou  nre  illlflcuti  to  rurutc 
because  they  havo  been  able  lo  account  Cor  many  of  the  empirical  dais  usually  Inkeh  lo 
support  the  limited  supply  assumption.  Whnt  limy  be  needed  ir  a  d'emonst  rat  Ion  or  intention 
roal.tocat  Ion,  Reallocation  ntukos  no  sense  if  the  attentlonal  supply  la  unlimited, 
Therafore,  a  demons t raL ion  of  nLtentton  reallocation  would  go  a  long  way  tnwurde  support¬ 
ing  the  limited  supply  assumption. 

The  experiments  reported  here  specifically  examined  whether  ullenltun  Is  reallocated 
from  low-  ta  high-priority  alrcrufl  wfien  the  atleatlonnl  demand  Is  Increased,  In  experi¬ 
ments  I  and  2,  two  Indopsndsnt  eir-Lo-alr  combat  engngsmsntn  were  shown,  In  each  etigeye- 
mant,  one  aircraft  wee  under  attack  from  tins  or  more  snsmy  aircraft.  Nub J arts  controlled 
the  aircraft  under  attack  In  one  of  the  eiigugamsuts  ("relevant"  engagement)  while  the 
computer  controlled  the  aircraft  under  attack  in  t.hn  other  ( "  Ir  ralevanl"  engagement ) .  Tho 
two  experiment*  examined  the  oftocls  nf  Increnalng  the  agg rees 1 v enese  (experiment  I)  end 
the  number  (experiment  2)  of  enemy  aircraft  an  the  allocation  of  attention  to  the  two 


r1  n  n  a  n  i.*m  n  n  r  h  .  In  experiment!*  1  and  4,  only  one  engagement  wns  preHon  ted  ,  Two  friendly 
iiircrnfl  (line  luntroLled  l>y  I  he  mihjert  )  rooperul  I  ve 1 y  engaged  him/ or  til  out;  my  n  I  I't  mil,  111 

odd i  Lion,  Hcvernl  lUMitrnl  aircraft  were  In  the  vicinity  of  Lhe  engagement,  Tliesio  i  w < » 
ex  per  Intent  n  examined  the  uIIhiIn  of  enemy  n  umber  mm  well  oh  "hi rongl h"  of  un  nlrcrnfi's 
Identity  na  friend,  foe,  or  neutral  on  nllorntion  of  attention  In  Iho  I  It  tee  t-ni  egnr  I  oh  of 
u l r  r rn 1 t  , 


2.  hXl'KRIMKNT  I 

Kxper  I  men  t  I  lorn  tied  1  I  r  m  t  on  whether  Hpultul  nwni  imh'm-h  would  I  <*  I  1 1  * r  l  in  nllent  Inn 
grudi.enl  In  which  more  ullonliun  wuuld  he  allocated  to  the  relevant  rnlliei  limn  the  f  I  i  i«  I  - 
event  engagement  •  In  addition,  the  ox  par  imonl  naked  whether  more  intention  would  lie  paid 
to  enemy  wire  raft,  when  they  were  a  g  g  >'  a H  m  I  v  e  ,  actively  Hooking  oil  l  and  aft  ink  Iiih  I  lie 
friendly  aircraft.,  rather  than  jhinhIvo,  nttncki hr  only  when  atiarked,  If  more  atienflou 
In  allocated  uh  the  degree  of  throat  I  lie  r  bunch  ,  Hit'll  h  put.  Ini  uwiimiemi  Hlimild  he  Itmrt* 
nccurut  o  when  enemy  Aircraft  urn  aggressive  rather  lluin  pa«H‘ve.  Kurt  her,  t  h  1  m  ollert 
ahoultl  occur  only  within  the  relevant  engagement,  lint  l  lie  I*  elevniil  one,  Thu  renaon  In 
I.  hot.  increased  uggiuHAlon  In  the  Irrolovunl.  ohgugniitoni  line  a  mil  I  lu  onion  I  lie  Niihjert  and 
no  Nhould  not  at  I  ntel  more  Munition,  Ah  »•  reault,  the  attention  nrnilleni  hIwniIiI  he 
hi  ce  pur  whan  enemy  a  lie  raft  ure  agurewHlvo  rut.  her  than  imhhIvo* 

in  order  to  monaure  spatial  a wn r cmionh  ,  Lite  halt  to  wan  ore  un  I  otia  I  I  y  I'roKen  anil  miiIj- 
J prim  were  ashed  Lo  hid  Unto  the  Npallnl  Incut  Inna  of  pnrtlrnlnr  .ilrrrnll  (mc»i»  I  ,  4,  II), 
Split,  lit)  uwureiiohJ  was  defined  a  r*  tlio  itmgh  1 1  lido  if  Hiihjor  t  m  1  or  rum  In  ten  pond  I  up  la  theHe 
"locution  pro  lion", 


Mo l hod 


MlLcjJji 

SiihjuitH  wore  Ifi  pnld  vo  I  uni  ik'I’h  I  mm  I  he  Wright  Stale  UhlveiHlIy  eoiiiniun  I  l  y  •  All 
sub.joctu  liud  no  I‘II1 « I  color  vlalon, 

i.u,k..Qv«rvHiy 

lii  u  uLiiiuIhHhI  nlr  hfltlln,  *hiIi|hiin  com  Milled  i>m<  of  Iwu  frlotully  uliir.ift,  Ki- li 
friendly  a  trim  ft  woe  Independently  engaged  In  combat  with  throe  nut*  my  alrerult.  The 
nngn  goiiumt  Involving  thn  Hubjurl- *»  n  I  r  c  r  n  f  t  Im  referred  to  iim  the  Mrelevnnl"  engnut’iiient  | 
the  other  la  reforrod  lo  nn  the  "ir  ruhmuit "  eiigiigoinrii  l  ,  All  ulmnlt  oxrepi  i  he 
uubjuct*n  ware  e  umpii  t  or-  controlled,  In  one  condition  ( A  g  g  r  t?  m  n  l  v  o  Knemy  ) ,  unemy  alniult 
lie  lively  nought  out  and  nltuckod  the  friendly  wlrcrnfl. .  In  another  rend  It  Inn  (PohnIvp 
Himny),  enemy  aircrufl  nt. lucked  only  If  u l lucked, 

Friendly  nlrcnift  were  repreHonU'd  by  blue  firrlon  un  the  ucreen,  The  uul))eci,H 
aircraft;  was  nil  upon  circle  while  the  other  frlotully  wan  a  filled  clrcio,  Knuiny  aircraft 
wore  roprsNsiiliul  by  Mqunrew,  IrlungloN,  and  i: ruHu-wiinpod  Nyinholn.  TIioho  allnrMng  the 
Hiibjuct  were  rntl  ill  color  |  thosu  nt  tucking  the  uthur  Ir  loudly  were  yellow, 

Tliarn  wuu  u  puloiiLiui  con  found  In  the  lank  belweuu  uiigugenioiil  (relevniil  vermin 
irrelevant)  and  aircraft  proximity  to  the  subject  *m  ulrirufl  ay  min*  I,  The  conlound  would 
occur  If  onsiny  aircraft  in  the  relevant  engagement  worn  c  loner  to  the  Hubjiut'a  n  I  it  nil  t 

(hln  or  her  focus  of  a  l  tent  Urn)  than  were  aircrufl.  lu  the  lire  lev  mil  engagement. ,  While 

thin  confound  in  difficult  lo  avoid  entirely,  UiI.h  ax  pur  1  men  I  wok  deulgiuid  to  in  I  n  I  in  l  re  It. 

Eucli  time  nn  aircraft  waa  deatroyedi  It  reappeared  at  homo  random  lor  all  on  mi  the  s<  •  een , 

He  mu  an  of  the  a  peed  of  l  ha  ■  I  rau  l  n  l  Ion  ,  aircrufl  from  both  nngugeineni  n  wore  ion  ala  n  I  1  y 
being  dentroyed.  Ab  q  result  of  tills  cunxiunl  deni,  rue  1 1  mu  coupled  with  ntnd*  m  i  vim  ill  Idii, 
Individual  aircrufl  from  the  relevant  ungugeinoiit.  were  of  inn  no  clonur  lu  l  h>  aubjecl  than 
wore  aircraft  from  the  Irrelevant  on  a, 


At  i  mdomly  salaried  niuments,  the  simulallon  froru,  During  thin  fieu/e,  the  aubjoct 
was  tilted  on  ths  spatial  location  of  one  of  the  a  1  rent  ft*  Which  u  Ire  raft  was  mo  I  acted 
for  thia  tost  was  random  with  ths  constraint  that  all  seven  nlrciufl  (excluding  the 
subject's)  tastad  during  sach  trial.  The  rsaponae  msesurs  wuw  ths  sab. (net's  unur  on  the 
spatial  location  task.  At  ths  moment  of  the  f rasas,  ons  of  the  aircraft  (referred  to  us  u 
"proba")  dissppesrsd  and  then  reqpnearsd  in  a  box  at  the  bottom  of  ths  computer  screen, 
Subjects  uasd  a  Joystick  to  move  ths  aircraft  back  to  its  correct  lucuLlon,  Subjects  wore 
able  to  control  the  aircraft's  exact  pixal  location  for  this  teat,  Location  error  waa 
measured  us  the  Budldlan  distance  (in  plxals)  batwsen  the  aircraft  and  its  true  location* 

ftamrnui 

Th#  skparimant  wns  conlrollad  by  a  Commodore  12H  computer  using  a  Commodore  1 7 02 
composite  color  monitor*  Subjects  controlled  thalr  aircraft  with  a  standard  digital,  two- 
dimensional  joystick  having  a  fire  button  mounted  on  ths  top,  Tho  earns  joystick  was  used 
to  respond  to  the  spatial  memory  probee. 


Pro  c-e  dura 

Half  the  subject*  were  assigned  tn  the  eggra *si ve  enemy  condition)  the  rent  were 
aualgnsd  to  the  passive  enemy  condition.  Subjects  participated  in  the  experiment  during 
three  sessions,  each  about  on*  hour  in  length,  The  first  session  whs  simply  e  practice 
session.  Data  were  collected  during  sessions  two  and  three  only  and  then  averaged  across 
sessions  prior  to  analysis. 


Results  and  D Is c u salon 


Data  from  this  and  the  following  e  xpe  r  imentrt  were  analyzed  using  t.  ho  mu  1 1  1  vn  r  i  n  1  v 
analysis  of  variance  approach  to  repeated  me ns  urea  ox  per i men tn  ■  designs  (see  lb).  Normal¬ 
ising  and  variance  stahl  l  i  /.  lug  trunaf  urinations  were  not  used  (ser  0  and  7). 


As  predicted*  Figure  1  shows  that  thtre 
was  an  ovsrall  effect  of  engagement,  F(2,13) 

-  B  ,  2  7  t  p  <  U«003«  (All  roported  statistics 
nrs  from  a  multivariate  analysis  of  varianca 
(MANOVA)  approach  to  repeated  measures  data) 
see  16  for  a  discussion  of  thi»  use  of  MANO¬ 
VA.)  tn  particular,  subjects1  apntlal  awurs- 
ness  was  more  accurate  for  enemy  aircraft 
attacking  them  than  for  ansmy  aircraft  in  the 
irrelevant  engagement,  F(l,14)  ■  IS. 44,  p  < 
0,002.  This  gradient  Haems  to  support  the 
hypothesis  that  attentlonal  priorities  are 
affected  by  the  degree  of  threat  posed  by 
aircraft,  Closer  examination  of  the  figure 
reveals  an  unexpected  result,  If  attention 
allocation  ia  prioritised  based  on  ths  dagrrtn 
of  threat  posed  by  aircraft,  then  all  air¬ 
craft  .In  the  irrelevant  engagement  (three 
enemies  and  one  friendly)  should  have  re¬ 
ceived  the  samo  amount  of  attention.  The 
reason  ia  that  irrelevant  eiu-my  and  friendly 
aircraft,  are  equally  non-threatening  to  the 
subject.  As  a  result,  subjects’  spatial 
awareness  should  have  been  unaffected  by 
whather  the  Irrelevant,  nircrut't  were  friend 
or  foe.  But  thia  is  not  whit  happened, 
Instead,  spatial  awareness  for  the  friendly 
aircraft  waa  mors  accurate  than  for  tho 


(RELEVANT)  (IRRELEVANT) 

AIRCRAFT  (ENGAGEMENT) 


LkJULr.fi  1*  Spatial  awnroiioiiH  by  engage* 
i tent,  nnd  enemy  nggroNs  L  via  no  an  , 


enemies,  lf(l,l4)  ■  8, SB,  p  <  0.01,  This 
result  could  mean  that  ettontlun  wna  ul Incut- 
•d  to  ths  categories  of  friendly  mid  enemy 
aircraft  bafnrt  It  was  allocated  Lo  Individual  aircraft  within  each  category.  Since  I  ho 
enemy  cstegory  was  larger,  the  amount  ui  attention  paid  to  Individual  an  any  alrcrnl'l  would 
then  be  lass,  Expur Iment  2  wart,  In  part,  an  attempt  to  m«u  If  this  effect  could  ho  ropll- 
cat sd i 


Figure  l  also  shows  that  the  critical  interaction  between  ugg reas 1 venous  and  engAge- 
mont  is  missing)  that  is,  the  attention  gradient  was  unaffected  by  whether  on*my  it  I  r  •*  r « r  t 
were  aggressive  or  pasnlvu  ( p  >  0.2H).  Perhaps,  knowing  that  an  aircraft  |wjhi«h  n  ilirwM. 
threat  ia  enough  to  attract  tho  subject's  full  attention.  Increasing  the  intensity  nf  the 
throat  anem*  to  have  Little  effuct  ones  the  threat  linN  been  Identified.  Interestingly, 
figure  1  indicates  that  opal  lei  awareness  was  more  nictitate  when  enemy  n  I  reran  were 
aggressive  rather  than  passive,  although  this  offset  waa  nut.  statistically  reliable  (n  ' 
0.22), 


The  main  conclusion  from  experiment  1  Is  that  the  Attention  gradient  predicted  by 
the  attention  allocation  model  exlute.  Although  the  gradient  nppaurs  to  bo  n  lunclimi  of 
t  brent,  poeed  to  the  subject,  the  experiment  failed  t.u  produce  evidence  for  ran  1  I  oca  I  I  on  ol 
n  limited  supply  of  attention,  Without  such  evidence,  than*  Im  no  way  lo  he  sura  l  lull  I  ho 
apparent  attention  gradient,  was  dun  u«  d  I  f  Irrant  i  n  I  rillnrnLLnn  of  nil  Million  mllior  than 
soma  as  yet  undefined  skill  or  atiLrogio  >  uiill  Irt,  Experiment  2  wns  undertaken  to  h  d  d  r  e  h  m 
this  need  i 


T ,  EXPERIMENT  2 

Suppose  that  the  tiutnhor  of  enemy  aircraft  In  one  It  engagement  wns  I  nc  rt»n  sed  from  mm 
to  throw,  If  Aubjuct.ii  ol  local.*  attention  on  the  basis  of  threat,  then  it m  enemy  luimher 
Increases,  spatial  awn  re ness  should  dec  runs*  lor  rhn  Irrelevant  nngngemnnt  worn  t  hun  lor 
the  relevant  one,  The  reason  In  that  more  enemies  at  l  ocking  the  suhjert  Inri noses  i hr 
level  of  throat  Lo  the  subjert  but  more  enemies  ultnrklng  the  other  i'rlnnrlly  does  not.  As 
h  result,  subjects  should  allocate  tin  inrrousod  amount  of  attention  In  the  relevant  ene¬ 
mies  by  "alphoning  a  I*  f M  attention  previously  all  out  ted  to  the  Irrelevant  *<ng»i  gsment .  Put 
another  way,  the  attention  gradient  should  gel  steeper  hh  enemy  number  Increases, 
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Met  hod 

Tha  method  lor  experiment  2  was  the  uar„e  as  that  for  experiment  1  with  the  following 
changes,  First,  the  aggrosaLvo-  passive  enemy  manipulation  was  dropped  from  the  experi¬ 
ment.  Second,  the  number  of  entity  airrraft  in  each  engagement  wan  varied  from  trial  to 
trial.:  there  were  three  enemies  in  euch  engagement  in  one  Lhird  of  the  trials,  two  ene¬ 

mies  in  another  third,  and  only  one  enemy  in  the  remaining  third.  Twenty-two  subjects 
received  each  enemy  number  condition  three  times  in  a  random  order. 

Results  end  Discussion 

Figure  2  shows  the  sans  overall  effect  r„f  sngsgenient  seen  in  experiment  1,  F(2,19)  - 
13.78,  p  <  0,0002.  As  in  the  first  experiment:  subjects'  spstiel  awareness  for  relevant 
enemy  alrcrsFt  was  more  accurate  than  for  irrelevant  enemy  aircraft,  F ( 1 ,20)  ■  20.70,  p  < 
0,0001,  But  unlike  in  the  first  experiment,  spatial  awareness  for  ths  Irrelevant  friendly 
was  not  reliebly  more  accurate  than  for  ths  irrelevant  snsmiss  (p  >  0.23),  although  ths 
means  were  in  the  same  direction.  Thus,  it  seems  likely  that  the  amount  of  attention 
allocutud  to  tha  Irrelevant  engagement  la  simply  distributed  equally  among  aircraft  re¬ 
gardless  of  their  category  ae  friend  or  for. 


As  the  number  of  enemy  aircraft  in- 
creased,  figure  2  shows  that  spatial  aware¬ 
ness  decreased  in  accuracy,  as  expected, 

F  <  2 ,  19)  -  53.80,  p  ;  0.0001.  In  particular, 
aputiil  awareness  decreased  when  enemy  number 
Increased  from  one  to  two,  F{1,19)  -  29,99,  p 
<  0 ,0001 t  and  spstiel  awareness  decreased 
again  when  enemy  number  went  from  two  tj 
three,  F ( 1 ,20)  -  30,07,  p  c  0,0001.  Thtse 
rasults  simply  confirm  the  common  intuition 
that  lass  attention  can  bn  paid  to  any  one 
thing  as  the  number  of  things  to  be  attended 
increases*  By  itself,  however,  this  result 
doe*  not  mean  thet  the  -upply  uf  attention  is 
limited.  It  may  mean  only  that  subjects  did 
not  develop  some  perceptual  skill  needed  to 
attend  to  several  objects  all  at  once. 

Evidence  for  a  limited  attentional 
supply  Joes  appear,  however,  in  the  critical 
Interaction  between  eccagument  and  enemy 
number.  The  gredient  from  relevant  to  irrel¬ 
evant  enemy  aircraft  appears  steeper  given 
three  rather  than  two  enemies,  although  tha 
effect  was  only  marginally  reliable,  F(l»20) 

•  ^ .  1 0 ,  p  <  0.10.  In  contrast,  the  gradient 
g  1  von  two  anemia  a  wus  the  umi  u  that  given 
one  (p  >  0,55),  Evidently,  when  the  enemy 
number  increased  from  oni  to  two,  subjects 
did  not  reallocate  attention  from  the  irrele¬ 
vant  engagement  to  the  relevant  onat  rather, 
they  paid  the  same  amount  of  attention  to  etc 


FOE  FOE  FRIEND 
(RELEVANT)  (IRRELEVANT) 


AIRCRAFT  (ENGAGEMENT) 

Figure  2,  Spatial  awareness  by  engage¬ 
ment  and  enemy  number. 

engagement  an  before  end  simply  divided 


that  amount  across  more  aircraft,  But  when  the  enemy  number  increased  to  three,  subjects 
took  some  of  the  attention  previous!)  paid  to  the  Irrelevant  engagement  and  raallccated  it 


>u  the  re.evant  one. 


Although  the  interaction  just  descrlbid  supports  the  allocatlon-by-lhreat  hypothe¬ 
sis,  the  support  la  not  as  vtrong  an  one  might  like,  Unfortunately,  the  interartlon  la 
weak.  Further,  the  attention  gradient,  did  not  grow  steeper  as  the  ensmy  number  increased 
from  one  to  two.  Une  explanation  for  thia  fact  may  be  that  increasing  the  enemy  number 
f i om  one  to  two  nimply  did  not  inctasse  actentional  demand  enough  to  trigger  a  realloca¬ 
tion  of  attention  froa  the  irrelevant  to  relevant  engagement,  Logically,  a  reallocation 
should  occur  only  If  an  increase  in  attention  outstrips  the  amount  of  attention  already 
allocated.  If  the  overall  demand  on  attention  la  fairly  low  so  that  there  ie  more  than 
enough  attention  available,  than  a  small  increase  in  demand  may  not  outstrip  the  amount 
already  a l l orated-- but  a  large  Increase  might.  This  line  of  reasoning  suggests  that  a 
stronger  Interaction  eight  Have  been  obtained  if  the  overall  demand  of  the  task  for  atten¬ 
tion  had  bv_en  greater. 


4.  EXPERIMENT  3 

Tha  previous  two  experiment*  examined  allocation  of  attention  to  two  indspendent 
engeg emen t s ,  cue  relevant  to  the  subjart  and  one  nol  .  In  experiment  3,  only  h  single 
engagement  was  used  In  this  engagement,  two  friendly  alrcrait  (one  controlled  by  the 
subject.)  engaged  either  one  or  three  enemy  *.  retail,  In  addition,  there  were  several 
neutral  ( non < r ombe t an t  )  aircraft  within  the  vicinity  ot  the  engagement,  Atcotdlng  lo  the 
a 1  ioi  at  inn -by -threat  hypothesis,,  m<<ut  attentiui  should  be  a'lorated  to  the  enemy  aircraft, 
hut  at  I  mt  inn  alio  Id  nlmi  he  allot. -tied  In  the  ni  her  f  I  loudly  ht«(  nuse  It  run  obmInI  ’he 
eub)**it  in  defending  ng'-inst  the*  **  tt  m  i  «•  m  .  Thor  at  nr a ,  the  prenittnl  at  ten  l  Ion  gradient  le 
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thiat  most  attention  la  allocated  to  the  enemiee,  somewhat  leas  to  the  fritndly,  and 
least  to  neutral  aircraft. 

Now  consider  what  should  happen  when  the  enemy  number  increases  from  ons  to  three. 
Attention  previously  allocated  to  neutral  aircraft  should  be  reallocated  to  enemy  aircraft 
up  to  some  limit.  Beyond  that  limit)  the  amount  of  attention  allocated  to  rny  one  anany 
aircraft  should  decrease.  In  order  for  this  reallocation  to  occur,  however,  the  overall 
attentional  demand  of  the  engagement  needs  to  be  high.  In  order  to  incrense  demand  for 
attention,  aeveral  simulated  aur faca-to-air  missile  (SAM)  aitaa  ware  distributed 
throughout  the  battle  area»  If  subjects  allowed  their  aircraft  to  stray  over  ana  of  thaaa 
aitaa,  their  aircraft  waa  immediately  destroyed*  Further,  In  order  to  avoid  a  confound 
between  enemy  number  and  total  number  of  aircraft,  the  total  number  of  aircraft  waa  held 
constant  by  varying  the  number  of  neutrals*  Whan  there  was  one  enemy,  there  were  four 
neutralai  but  when  there  were  three  enemies,  there  ware  only  two  neutrals* 

The  manipulation  of  neutral  number  means  that,  as  the  enemy  number  increaeed,  half 
th  attention  previously  allocated  to  two  of  the  four  neutrola  could  be  reallocated  to  the 
two  additional  enemy  eircrafti  two  nautrela  are  "traded"  for  two  enemieo.  Of  course,  thia 
one-for-one  reallocation  aasumai  that  neutral  and  enemy  aircraft  receive  equal  priorities 
for  attention.  If  ;nemy  aircraft  receive  a  higher  priority  than  neutrals,  than  more  than 
half  the  attention  previously  allocated  to  neutrals  will  be  allocated  to  enemies.  Thia 
unbalanced  reallocation  moans  that  spatial  awareneea  for  individual  njutrala  should 
decrease  ao  enemy  number  grows!  that  la,  spatial  location  error  for  neutrals  should  grow 
even  though  the  total  number  of  aircraft  had  not  changed.  A  potential  risk  inherent  in 
thia  prediction  is  that  a  ceiling  effect  may  appear  in  neutral  spatial  location  error* 

That  ia,  neutral  location  error  may  be  ao  large  in  the  first  place  that  it  cannot  gat  much 
ln-ger.  In  order  to  compensate  for  this  risk,  an  additional  measure  of  attention  alloca¬ 
tion  was  introduced* 

As  subjects  allocate  more  attention  to  a  particular  aircraft,  tho  association  made 
between  that  aircraft  and  lta  identity  as  friend,  foe,  or  neutral  should  grow  stronger* 
Later,  if  subjects  are  asked  to  Indicate  the  FFN  identity  of  a  particular  aircraft,  ho,< 
quickly  they  respond  should  be  a  function  of  association  strength.  Therefore,  reaction 
time  to  FFN  proben  should  index  the  amount  of  Attention  allocated  to  individual  aircraft, 
slower  reaction  times  indicating  that  lesa  attention  waa  allocated*  If  leas  attention  is 
allocated  to  individual  neutral  aircraft  when  the  enemy  number  ia  throe  rather  than  one, 
then  neutral  probe  reaction  time  should  incraasa  with  enemy  number. 

The  foregoing  logic  assumes  that  aircraft-KFN  association  strength  Increases  as  more 
attention  la  paid  to  the  aircraft.  Some  independent  teat  of  this  assumption  is  desirable. 
One  way  of  testing  the  assumption  le  to  vary  the  amount  of  time  that  a  particular  aircraft 
symbol  Is  assigned  a  particular  FFN  identity.  The  Idea  is  that  a  1  re. r b f t- FFN  association 
strength  should  increase  over  time*  Thsroforo,  a  manipulation  of  FFN  assignment  durutl  )n 
was  introduced  into  the  experiment.  On  half  the  trials,  the  KFN  identity  of  all  but  the 
subject’s  tlrcraf.  changed  midway  through  the  trial)  on  the  other  half,  FFN  identity 
remained  constant.  If  association  strength  increases  over  time,  then  the  probability  of  a 
correct  response  to  FFN  probes  in  general  should  incrense.  Thus,  the  probability  of  a 
correct  tusponsa  was  expected  tu  be  greater  when  FFN  identity  remained  constant  throughout 
n  trial, 


Method 


EM  leg, ft. 

Subjects  were  24  paid  volunteers  from  the  Wright  State  University  community,  All 
subjects  had  normal  color  vision. 

Task  Over  view 

In  ■  simulated  air  battle,  subjects  controlled  one  of  two  friendly  ulrernft  engaged 
In  ton bat  with  either  one  or  three  enemy  aircraft,  If  there  was  only  one  enemy  aircraft, 
then  there  ware  Tour  neutralai  but  If  there  were  three  enemy  aircraft,  then  there  were 
only  two  ntutrsAS.  As  a  result,  the  number  of  aircraft  in  the  battle  wee  held  constant  ut 
seen.  All  aircraft  except  t'1®  subject's  were  computer-controlled.  Each  aircraft  was 
represented  by  its  own  uniquely  shaped  symbol,  Friendly  aircraft  were  blue  in  color, 
e n v si j*  aircraft  were  red,  and  neutral  aircraft  were  gray.  In  one  condition  (Consistent 
FFN).  which  aircraft  were  friend,  foe,  or  neutral  was  consistent  throughout  a  trial,  In 
another  condition  (Variable  FFN),  the  Identity  of  each  aircraft  changed  randumly  at  ran¬ 
domly  selected  times  during  each  trial. 

As  in  experiments  1  and  2,  each  time  an  aircraft  wnn  destroyed,  It  reappeared  at 
some  random  location  on  the  screen,  Because  of  the  apeed  of  the  simulation,  both  friendly 
and  enemy  eirrraft  wore  constantly  being  destroyed.  As  a  result  of  this  constant  deetruc- 
t.lou  coupled  with  random  relocation,  individual  friendly  and  enemy  aircraft  were  often  no 
closer  to  the  subject  Limit  were  neutral  sir craft.  Thus,  the  potential  confound  between 
FFN  identity  and  aircraft  proximity  to  ths  subject's  aircraft  symbol  wee  minimised* 

HiimmiiUll  yf  SMllai mii  AlrcreU-tTN  *»»'iu»Ucn  Hreimth 

Sp.tlsl  awareness  wee  measured  ualhg  luratlnii  probes  in  the  sane  wsy  is  In  experi¬ 
ments  I  nrul  2,  except  that  oil  aircraft  turnad  white  at  I  ha  moment  of  the  fraase,  Thia 
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via  to  prevent  subjects  from  being  able  to  "check”  the  FFN  identities  of  the  aircraft* 

FFN  aircraft-association  strength  wee  measured  using  similar  probes  tha-t  appeared  just 
before  or  just  after  the  location  probe  (half  the  subjects  received  one  order*  the  other 
half  the  other  order).  Thu  FFN  probes  worked  this  way.  At  the  fraese,  oil  of  the  air¬ 
craft  turned  white,  and  ont  of  the  aircraft  diaapptarad  only  to  reappear  at  th»  bottom  of 
the  screen.  Three  letters  appeared  above  the  probe  (H,  F,  end  I,  meaning  hostile,  friend¬ 
ly,  and  neutral,  respectively).  Subjects  used  a  joystick  to  move  a  pointer  iron  letter  to 
letter  and  pressed  a  ’’fire  button"  to  make  their  aelection.  Subjects1  FFN  probe  reaction 
tins  wai  measured  from  the  onset  of  the  probe  display  to  ths  first  movement  of  the  joy¬ 
stick.  In  addition.'  subject's  FFN  proba  responses  wars  recorded  ss  either  correct  or 
incorrect.  The  eirersft  tested  for  spatial  location  wee  not  the  seme  as  ths  aircraft 
tested  for  FFN  association.  Which  aircraft  was  selected  for  these  teats  was  random  with 
the  constraint  that  all  six  aircraft  (exeluding  the  subject's)  were  tasted  during  each 
trial,  The  response  measures  ware  error  on  tha  spatial  location  task  as  well  ea  reaction 
time  and  percent  correct  on  the  FFN  Idsntity  task. 

ADD.f.tUl 

Th»  .«*•  aquipaant  ui.d  In  th.  flrat  two  .xp.ritn.nti  w..  uaad  h.r*. 

Eras  tine, « 

SubJ.ct.  participatad  In  th.  txpirimant  during  thr.a  «»ch  .bout  on.  hour 

in  i.ngth.  Th*  fir.t  ....ion  w.«  alaply  •  pr.ctic.  ■•■■Ion.  bat.  w.r.  call.ct.d  during 
....ion.  two  and  thraa  only.  During  aaaaion  on.,  aubjacta  racalvad  all  four  experlmantal 
condition,  dat.rialn.d  by  th.  factorial  combination  of  two  variablaat  whathar  thara  war. 
ona  or  thraa  anamy  aircraft,  and  whathar  FFN  idantlty  waa  conaiatant  or  lnconalat.nt , 
During  aaaaiona  two  and  thraa.  aubjorta  recaiv.d  each  condition  thraa  timea.  Ord.r  ef- 
facta  war*  countarbalanead  uaing  a  Latin  aquara. 

Result.  and  Dincuaaion 

Tha  raaulta  pravida  conpalling  aupport  for  tha  attention  reallocation  prediction  of 
tha  alloeation-by-thraat  hypothaala.  Flguraa  3  and  4  diaplay  tha  affacta  of  anamy  air¬ 
craft  number  and  FFN  idantlty  on  apatlal  error  and  FFN  reaction  time,  rarpac t ivaly , 
Interaction,  are  evident  in  both  figuree,  and  both  were  etatiatlcally  reliable  (apatlal 
error,  F ( 2 , 2 1 )  •  3.32,  p  a  0.014)  FFN  reaction  time,  F ( 2 , 2 1 )  •  7.05,  p  •  0.003). 


AIRCRAFT  IDENTITY 


Wff, 


FFN  proba  reaction  time  by 
type  and  enemy  number. 


When  there  were  three  enemy  aircraft  rather  than  one,  spatial  error  for  neutral 
aircraft  increased  slightly  but  unreliably  (p  >  0.41),  suggesting  either  no  change  in 
ettention  allocated  to  individual  neutrals  or  else  e  ceiling  on  neutral  location  error. 

Tha  FFN  reaction  time  data  favor  tha  ceiling  effect  interpretation:  aa  enemy  number 
increased,  reaction  timet  to  neutral  FFN  probet  increased  dramatically,  F(l,22)  -  14,28,  p 
■  0.001.  Visual  ■xamlnatlon  of  tha  percent  of  correct  responses  to  FFN  probes  revealed  no 
evidence  for  e  speed-accuracy  trade-off  (tee  Table  1).  Thue,  the  increase  in  FFN  reaction 
time  aeema  to  indicate  a  weakening  nf  the  eirrreft-FFN  seenclatlon  for  neutral  aircraft, 
and  thin  weakening  implies  that  lees  attention  was  paid  to  individual  neutrals  bn  jntffly 
number  Increased . 


Attention  reallocation  does  not  seem  to  be  the  whole  etory,  however.  The  FFN  proba 
reaction  time  and  percent  correct  also  seem  to  reveal  a  "respnria*  preparation"  effect  that 
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waa  not  (but  parhapa  ahould  hava  batr)  anticipated.  Whan  there  ware  four  nautrala  (one 
enemy),  aubjacts  may  have  bean  "prepared"  to  respond  "neutral"  to  the  FFN  probe.  If  ao, 
then  reaponaes  to  neutrol  probes  would  have  bean  faster  and  more  accurate  than  responses 
to  either  enemy  or  friendly  probes--just.  bp  seen  in  Figure  4  end  Table  1,  When  thore  were 
only  two  neutrals  (three  enemies),  this  response  preparation  effe.t  should  have  "flattened 
out"  so  that  neutral  reaction  times  and  percents  correct  should  have  been  more  like  those 
to  enemy  and  friendly  probes.  As  seen  In  Table  1,  this  flattening  of  the  response  prepo- 
ratton  effect  is  just  what  happened  to  the  percent  corrert  dntn.  Hut  Figure  4  shows  thut 
In  the  reaction  time  data,  the  effect  did  more  than  juet  flatten  out|  It  ravaraid  Itself, 
Whan  thara  wara  only  two  nautrala,  raaction  tlmaa  wara  markadly  tlowar  to  nautral  probes 
than  to  slthsr  friendly  or  enemy  probaa,  Thla  reversal  ia  what  would  ba  expected  if  an 
attention  reallocation  affect  ware  addad  to  tha  flattening  of  tha  raaponaa  preparation 
effect. 


FFN  reaction  timaa  may  alae  auggaat  that  tha  amount  of  attention  paid  to  Individual 
friendly  and  enemy  aircraft  changed  slightly  aa  enemy  number  increaaed,  but  theae  changes 
wara  not  atatlatically  reliable  Cy  >  0 . 1 7 |  aaa  figure  4),  Spatial  location  errur  for 
enemy  aircraft  did  clearly  lncreaaa,  however,  F <  1 , 2 2 )  -  10.97  ,  p  •  0,003,  F.vtdently,  tha 
amount  of  attention  reallocated  to  anamy  from  nautral  aircraft  waa  not  enough  to  maintain 
apatial  awartneea  at  tha  aama  level  ea  before. 


Tsbla  1.  Percent  of  Correct  Responses  to  FFN  Probea  by  Aircraft  Type  and  Enemy  Humber 


Enemy  Number 

Foe 

Friend 

Neutral 

1 

61 

57 

87 

3 

66 

50 

61 

Figure  3  elao  dlaplaye  tha  apatial  awaranaee  gradient  predicted  by  the 
ellocation-by-threat  hypotheala.  In  both  enemy  number  condltione,  apatial  error  for 
neutral  aircraft  waa  greater  than  apatial  error  for  the  computer-controlled  friendly, 

F (  1 , 2 2 )  -  49.97,  p  <  0.0001,  When  there  waa  only  ene  anamy  aircraft,  apatial  enor  was 
greater  for  tha  frujndly  than  for  tha  anamy  aircraft,  F(l,22)  ■  4.34,  p  •  0.034.  There 
was  no  reliable  dlffaranca  in  apatial  error  for  anamy  and  friendly  aircraft  whan  there 
were  three  enemy  aircraft,  p  >  0.13,  Thua,  more  attention  was  always  allocated  to  enemy 
and  friendly  aircraft  then  to  neutral  aircraft.  When  there  wee  only  one  enemy,  it  re¬ 
ceived  more  attention  than  did  the  friendly!  but  when  there  wara  three  anemias,  tha  dif¬ 
ference  in  spatial  awaranaaa  between  friendly  and  anamy  aircraft  disappeared. 

Table  2 ■  Percent  of  Correct  Raaponaea  to  FFN  Probes  by  Enemy  Number  and  FFN  Consistency 
from  Enperlment  3 


Conaiatent 

FFN 

Enemy  Number 

Changing 

FFN 

1 

84 

78 

3 

72 

33 

Aa  noted  earlier,  tha  foregoing  analysis  assumes  that  sireraft-FFN  aaaociatlon 
strength  grows  with  increased  attention.  The  FFN  probe  percent  correct  data  ahown  In 
Table  2  support  thla  assumption.  First,  percent  of  correct  FFN  raaponaea  Increased  us 
the  duration  of  elrcraft-FFN  aseoclatlona  increased  (thet  is,  when  FFN  assignments  re¬ 
mained  consistent  throughout  a  trial  rather  then  when  they  changed  midway  through), 

F(l,22)  •  36.32,  p  <  0,0001,  Second,  FFN  awareness  wae  batter  when  there  was  only  one 
rather  than  three  enemy  aircraft,  F ( 1 , 2 2 )  *  140,89,  p  <  0,0001.  Third,  increasing  anamy 
number  increaaad  the  detrimental  effect  of  re-  assigning  FFN  identitlee,  F(l,22)  .  17.84, 
p  *  0,0003,  The  first  result  indicates  thet  alrcraf t-aesociat ion  strength  did  grow 
stronger  aa  tha  duration  of  the  tiiocletion  Increaaed.  Tha  asLund  and  third  results 
indicate  that  aaaociatlon  strength  waa  weakened  aa  tha  task's  overall  demand  for  attention 
Increased, 


3.  EXPERIMENT  4 

The  critical  findings  in  experiment  3  wore  it  follovai  aa  anamy  number  increeeed 
from  one  to  thrss,  spatial  location  error  tor  neutral  probea  increased  slightly  (but 
unrtllably)  and  reaction  tiaa  to  nautral  FPN  probea  slowed  down.  Because  tha  reallocation 
hypotheala  ia  dependant  on  theae  raaulta,  1  decided  to  aako  aura  they  could  ba  replicated. 
Accordingly,  1  repeated  experiment  3  with  eight  new  subjtcta  and  analysed  the  resulting 
data  Independently, 


Mesne  from  th«  tight  new  subjects  trt  thown  in  Table*  3  and  4.  Table  3  diepleye 
spatial  error  and  FFN  reaction  time  meant.  Table  4  shows  the  percent  of  correct  reeponaea 
to  FFN  probee. 


Table  3.  Spatial  Location  Errore  (SLE)  end  FFN  Probe  Reaction  Tinea  (FFN  RT)  by  Aircraft 
Typo,  Enamy  Numbar,  and  FFN  Conalatency 


Consistent 

FFN 

Changing 

FFN 

Fo. 

Frl.nd 

N.utr.l 

Fo. 

Frl.nd 

N.utr.l 

En.my  Numb.r 

1  SLE 

24 

69 

63 

41 

32 

70 

FFN  RT 

201 

223 

203 

223 

216 

186 

3  SLE 

61 

33 

71 

31 

61 

S3 

FFN  RT 

240 

243 

261 

231 

237 

242 

Considering  flret  epetial  error,  the  date  from  experiment  3  were  eeaentially  repli¬ 
cated,  but  thie  time  there  wee  a  complicating  three-wiiy  interaction  between  enemy  number 
and  FFN  conalatency,  F ( 2 , 6 )  ■  22.13,  p  ■  0.0017.  When  FFN  identity  wee  coneietent 
throughout  ■  trial,  the  epetial  error  data  appeared  in  about  the  eeme  form  aa  in  experi¬ 
ment  3i  enemy  number  intarected  with  FFN  identity,  F(2,6)  «  4,96,  p  -  0,054,  That  le,  ee 
enemy  number  increaaed,  epetial  location  arror  for  neutral*  end  friendlies  wee  not  reli¬ 
ably  effected  (p  >  0.26)  while  the  error  for  enemiea  lncreaead,  F(l,7)  ■  6.81,  p  <  0.04. 
Gut  when  FFN  identity  changed  midway  through  tha  trial,  an  lncraaee  in  enemy  number  led  to 
lncreaeee  in  spatial  error  for  both  neutrala  and  enemies!  as  a  result,  the  main  effect  of 
enemy  number  waa  reliable  (F(l,7)  -  9,81,  p  <  0.02)  while  the  interaction  with  FFN  Identi¬ 
ty  was  not  (p  >  .71).  Why  this  three-way  interaction  appeared  in  thie  experiment  and  not 
in  experiment  3  i*  unknown.  Perhape  it  ahould  be  regarded  a*  n  "fluke11.  In  any  event,  it 
appears  that  the  essential  feature  of  the  spatial  awareness  date  from  experiment  3  are 
repeatablet  ee  enemy  number  increaeee,  epetial  errore  for  neutrals  increase  alightly 
though  unreliably  while  spatial  errore  for  enemy  aircraft  increase  more  dramatically. 

Aa  Table  3  ahowa,  reaction  times  to  FFN  probes  in  general  slowed  down  as  onamy 
number  Increased,  F ( 1 , 7  >  ■  3.99,  p  <  0.03.  Reaction  times  to  neutral  probes  elowad  down 
mora  than  thoaa  to  enamy  end  friendly  probes,  however,  producing  e  marginally  reliable 
interaction  between  enemy  number  end  FFN  identity,  F(2,6)  •  3.68,  p  <  0.10,  As  in  the 
main  experiment,  examination  of  the  correctness  of  probe  responses  by  FFN  category  showed 
that  tha  interaction  wee  not  due  to  a  speed-accuracy  trade-off.  Thus,  the  second  critical 
finding  of  the  third  experiment  also  appears  to  be  repeatable!  aa  enemy  number  increase!, 
the  aircru f t-FFN  association  woekens  more  for  neutral  aircraft  than  for  either  friendly  or 
enemy  aircraft.  Note  that  the  response  preparation  affect  evident  in  the  third  experiment 
waa  replicated  as  well. 


IflMfi-A.  Percent  of  Correct  HeaponseH  to  FFN  Prohea  by  Enemy  Number  and  FFN  Cone l n Lone y 
from  Experiment  4 


Enemy  Number 


Con  s  latent 
FFN 


1  93 


Changing 

FFN 

86 


3  81  59 


Finally,  the  three  affects  observed  in  the  FFN  percent  correct  data  of  the  main 
experiment  wern  also  replicated,  again  supporting  the  logic  that  a l rc r u f t -FFN  association 
strongth  grows  as  the  amount  of  attention  allocated  to  individual  aircraft  An creases, 
First,  FFN  swarsness  waa  better  when  there  wee  only  one  rather  than  three  enemy  aircraft, 
F(l,7)  ■  33.61,  p  -  U.U002,  Second,  FFN  awareness  Buffered  when  aircraft  FFN  identity 
changed  midway  through  a  trial,  F(l,7)  ■  24.19,  p  <  0.CJU2.  Third,  the  detrimental  effect 
of  inconsistent  FFN  assignments  was  aggravated  by  Increasing  enemy  number,  F(l,7)  -  12.81, 
p  «  0.009. 


6.  GENERAL  DISCUSSION 

The  present  results  support  the  two  mein  features  of  tha  proposed  attention  alloca¬ 
tion  model,  First,  by  showing  that  attention  ie  reallocated  as  threat  Intensity  in¬ 
creases,  the  reaulte  support  the  hypothesis  of  a  limited  supply  of  attention.  Second,  In 
order  to  allocate  thie  limited  supply  of  attention  across  aircraft,  subjects  prioritise 
aircraft  based  on  the  degree  to  which  those  aircraft  threaten  or  aseiat  the  eubject.  In 
all  four  experiments ,  the  spatial  ewarineaa  data  showed  that  more  attention  wee  paid  to 
enemy  aircraft  that  directly  thraatnned  tha  subject  than  was  paid  to  other  aircraft. 
Experiment  2  showed  that  the  resulting  attention  gradient  etoepuned  ee  enemy  number  in¬ 
creased!  when  attentinnal  demand  wee  increased  by  Increasing  Lha  total  number  of  sir- 
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craft)  subjects  saeraad  to  incraaaa  tht  amount  of  attantlon  paid  to  diract  threats  by 
reallocating  attention  previously  paid  to  other  aircraft.  Experiments  3  and  4  provided 
additional  support  for  the  reallocation  hypotheala  by  showing  that  less  attention  wae  paid 
to  Individual  neutral  aircraft  when  the  number  of  enemy  aircraft  increaaed--even  though 
tha  total  number  of  aircraft  had  not  changed. 

To  the  extent  that  the  data  demons t r a te  the  reallocation  of  attention  an  the  threat 
increases,  the  results  support  the  hypotheala  that  attention  is  limited,  not  unlimited,  in 
supply  (c£,,  10,  13,  15,  18,  19,  20),  Of  course,  most  peoplo  know  from  dally  experience 
that  they  a a era  to  "run  out"  of  attention  if  they  attend  to  too  many  things  at  ones.  But 
sclance  and  common  intuition  do  not  always  coincide.  Hint's  notion  of  attantlon  aa  a 
skill  (8,  9)  la  aufficiantly  flexible  that  one  might  imagine  people  acting  aa  if  they  ware 
allocating  a  limited  supply  of  attantlon  until  they  developed  soma  naesaaary  skill,  One 
might  taat  this  posaiblllty  by  giving  subjects  extensive  training  In  tha  air  combat  task 
and  easing  if  the  reallocation  offset  disappeared  over  time.  But  what  if  tha  effect  did 
not  disappoar?'  Would  that  prove  that  attention  waa  not  a  skill  or  Just  that  tha  skill 
needed  more  time  to  develop?  It  la  just  this  flexibility  in  the  atttntion-as-a-  skill 
hypotheala  that  limits  its  uaefulnaaa  as  a  scientific  thsory--a  criticism  that  has  also 
bean  leveled  at  limited  capacity  theories  of  attention  (8,  9,  12,  16).  In  any  caae,  the 
result*  here  era  at  least  consistent  with  limited  capacity  theories  and  aeara  difficult  to 
explain  from  other  theoretical  points  of  view. 

Apart  from  general  support  of  a  llmitad  capacity  nodal  of  attention,  the  reaulta 
specifically  support  a  modal  in  which  a  limited  supply  of  attention  ia  allocated  to  teak 
alamanta  according  to  their  ability  to  contribute  to  or  threaten  task  success.  Spatial 
awareness  in  tha  simulated  combat  task  wee  beat  for  enemy  aircraft  that  threatened  teak 
success,  somewhat  poorer  for  friendly  aircraft  that  contributed  to  teak  success,  and 
poorest  for  nautral  aircraft  that  had  little  impact  on  task  success  Although  this  dif¬ 
ferential  allocation  of  attention  is  not  really  surprising,  it  may  hmlp  to  explain  some 
things  that  nra  surprising.  For  axampla,  consider  the  Iranian  airliner  inadvertently  shot 
down  by  the  USS  Vincennes  during  the  Iran-lraq  War,  The  attention  of  Vlncennee  personnel 
wee  allocated  to  force*  that  directly  threatened  their  safety.  No  attention  waa  allocated 
to  the  fact  that  a  civilian  airliner  waa  in  tha  area.  Whan  tha  airliner  wae  detected  on 
redar,  it  waa  confuaad  with  a  hostile  aircraft  partly  because  tha  information  that  would 
have  identified  It  aa  nautral  was  ignored.  From  tha  viewpoint  of  tha  present  attention 
allocation  modal,  this  neglect  of  neutral  information  waa  completely  predictable,  In 
order  to  prevent  similar  occurrences  in  the  future,  something  ia  needed  to  counter  the 
natural  tendency  to  ignore  information  about  neutrals  during  combat,  Unfortunately,  what 
that  aomathlng  may  ba  ia  not  yet  clear, 
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ABSTRACT 

The  MMA  Joint  Venture  (MMAJV)  la  a  ooiiaboratlve  rsssaroh  pre|eoi  between  Brltlah  Aetoapaee,  Ferranti 
Defanoe  Syatema,  GEO  Avloniea  &  GEO  Senaora,  Secretary  of  State  far  Defence  (RAE)  and  Smltha  Induatrlea 
Aeroapaoe  and  Defence  Syatema.  The  Joint  Venture  la  a  three  phase  programme,  the  objedhrea  of  whioh  are  to 

(I)  establish  the  functional  requlremanta  and  feasibility  of  a  davloe(a)  such  aa  the  MMA, 

(II)  to  prove  the  techniques  for  accomplishing  this  In  a  rapid  prototyping  environment  and  produoe  a  eat  ot 
funotlonal  apeclfloatlone, 

(III)  to  optimise  the  MMA  functionality  and  develop  the  MMI  on  a  real-time  Mission  Capable  Simulation  (M03). 

With  the  ever-lnoreaalng  trend  towards  oomplex  Integrated  avionics  syatema  and  the  Inoraaaed  level  and 
capability  of  threat  anticipated  In  future  hostile  aoenarloa,  the  requirement  for  the  pilot  of  the  single-seat  alrnraft  to 
maximise  hie  situational  awareness  at  all  times  must  be  one  of  the  prime  issues  In  driving  the  development  of  such 

syatema. 

This  paper  outlines  the  requirement  for  the  MMA  and  Introduces  the  major  functional  areas  ot  sensor  fusion, 
situation  assessment,  dynamic  planning  and  the  Man-Maohlne  Interface.  The  paper  also  dir  cusses  some  of  the 
Human  Factors  Issues  associated  with  the  Introduction  of  an  Intelligent  Mission  Management  Aid  (MMA)  and  the 
Increasing  need  to  promote  situational  awareness.  Issues  relating  to  the  design  requirements  and  evaluation  of  such 

systems  are  also  discussed. 

1  INTRODUCTION 

It  Is  undoubtedly  true  that  the  operational  requirements  for  future  military  aviation,  and  especially  the  tutura 
single-seat  fighter,  are  beoumlng  progressively  more  demanding.  Traditional  roles  are  being  extended  and  the 
scenario  In  wnloh  alrnraft  will  be  required  to  operate  Is  likely  to  be  characterised  by  Increasingly  hostile  and  capable 
throats.  In  an  effort  to  meet  this  requirement  avlonles  systems  are  becoming  Increasingly  sophisticated  and  Inte¬ 
grated  and  the  pilot  Is  required  to  manage  these  more  capable  systems  In  an  Increasingly  difficult  and  unpredictable 
scenario  [1]. 

In  contrast  to  these  requirements  we  seem  to  hear  more  and  mere  about  the  failures  of  sophisticated  and  highly 
Integrated  systems  not  so  much  because  the  system  falls  to  function,  but  because  It  does  not  produoe  the  perform¬ 
ance  expected  of  H.  Under  these  conditions  the  pilot  (or  operator)  Is  often  cited  as  s  major  or  contributory  factor  In  the 
failure  and  the  net  result  Is  a  loss  of  oonfldenoe  In  the  overall  system. 

In  reality  this  msy  be  ss  much  a  reflection  of  the  design  process  as  an  Indictment  of  either  human  or  operational 
aspects  and  It  Is  In  this  sense  that  the  requirement  tor  'situational  awareness'  Is  a  fundamental  aspect  of  system 
design.  Unless  the  designer  can  Identify  the  requlrementa  of  the  system  oontroller  -  the  pilot  •  It  Is  difficult  to  define 
the  detailed  functional  epeclfleallone  for  a  device  such  as  tha  MMA, 

Wa  may  define  situational  awareneia  as  the  pilot's  overall  appreciation  of  his  current  World’,  This  Impllss 
both  sensory  processing  and  Inferenelng  on  ths  part  of  tha  pilot  slnea  his  appreciation  of  tha  World'  will  be  determined, 
In  part,  by  his  previous  ixperltnce  and  knowledge,  An  awtrtnaas  of  his  own  steta  aa  wslt  aa  ths  stata  of  his  aircraft 
syatsmt,  stores,  ate,  and  tha  ourrant  mission  snuatlon  sra  ill  eemponsnt*  which  oontrfbuts  to  hit  overall  situations! 
awaranaai.  Situation  swarenses  Is,  In  thli  ssnse,  ■  Qeetah  whioh  Is  greater  than  the  sum  of  tha  parti,  An  Implication 
of  this  Is  that  It  la  difficult  to  maaiura  as  a  global  meirio  and  la  limited  In  Its  utility  aa  a  tool  to  prediet  performanoe, 
Indeed,  this  ties  In  with  reality.  It  It  difficult,  even  (or  tha  pilot  himself,  to  predict  eltustbni  wnloh  wlllresult  In  a  toss  or 
partial  baa  ol  situational  awareness.  A  number  ot  faotora  such  as  an  Individual  pilot's  lusoeptlblllty  to  varbua  stroll¬ 
ing  Isska/lnddents,  his  phyabbgleal  state,  current  level  at  training,  ate,  will  all  tried  tha  way  In  whioh  ha  alboates  his 
attention  and  tha  amount  of  raiouraa  that  a  particular  situation  demand*,  This,  In  turn,  afteete  tha  apaad  and 
aoouraey  with  which  ha  perceives  tha  world.  Indeed,  such  la  tha  dynamb  nature  ot  situational  awaranaai  that  It  Is  not 
olaar  that  tha  same  toss  ot  akuatbnal  awaranaai  would  ooour  In  suooaiilva  and  identical  mission  sllualbni, 
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Novatthalaaa,  pitots  put  Inarming  Importance  an  thsir  ability  to  maintain  an  overall  iltuatlonal  awaranaa*  and 
thara  I*  an  undoubted  requirement  to  undarttand  what  laoton  oontHbuta  to  this  stats,  to  kisnttty  thalr  ralatlvt  Import- 
tnea  and  thut  to  antura  that  Iht  avlonlo  ayatam  anhanoai  tha  pHoTa  sttuatlonsl  awaranau  at  any  Irritant  In  tlma. 

This,  In  turn,  refloat*  on  th#  daalgn  preoea*.  Th*r#  to  a  fundamantal  n*ad  to  undirttand  wh»t  Information  (a*  oppoaed 
to  datal)  th*  pilot  n*ad«  In  a  particular  million  context,  how  that  Information  I*  psroalvsd  and  how  It  contribute*  to  hi* 
ovinll  »ltu*llon*l  *w*r*n#»».  Thl*  put*  th*  amphatl*  In  the  Initial  dailgn  proa*****,  it  taait,  on  tha  u»*r  require- 
mint*  •  a  pilot  orientated  epproech. 

2  MMA  APPLICATION 

Th#  overall  objeotlv#  of  the  prototyping  phue  I*  to  d»monSr*t«  th*  major  function*  whleh  contribute  to  th* 
concept  of  the  MMA  In  an  Integrated  feihlon,  Aftsr  oon»ld*r#tlon  of  a  number  of  poiilbt*  mlialon*  *nd  *o*n*rlo*  It 
we*  dKldtd  that  to  mo«t  fully  txeief**  th*  MMA**  functionality  the  Initial  prototype  ihould  operate  In  art  air-to-ground 
role  although  th#  capability  to  earry  out  air-to-air  ntltalon*  will  be  Inooiporatad  In  a  later  phue.  In  th*  alr-tp-ground 
•oenarlo  th*  MMA  will  earry  out  teveral  million*  within  tha  an  rrant  NATO  itructur*  and  d*mon*tta»#  It*  ability  to 
reipond  to  Intelligent  hoitll*  threat*.  Thaw  era  primarily  OO.VCAA  (offenilv#  xunt*r-elr/oount*r-*li  attaoH)  and  Al 
(air  Interdiction)  mlstlon*. 

The**  million*  ar*  strike  mltileni  agalnit  aoma  itratagloAaetleal  target*  auch  a*  alrflildi/ilroraft,  FOPA 
(follow-on  force  attack),  command  and  control  c*ntr*i,  etc.  They  ar*  Ideally  aarrled  out  by  a  imall  group  of  aircraft 
and  ar*  ilmllar  In  that  they  are  principally  itiafthy  million*  demanding  minimal  ui*  of  eotlv*  »*n»or»,  ooop*r*tlon 
between  aircraft,  and  a  high  degree  of  pre-planning  of  all  million  phot**  to  and  from  th*  target.  The  Importance  of 
group  operation*  In  futur*  ecenarlo*  1*  unqueitlonabl*  and  an  Important  aipeot  of  th*  MMA'*  operation  will  be  to 
Interact  with  other  MMA*  to  allow  Intelligent  targit  handoff,  Stick  *#qu*nemg  and  xmmunal  planning  of  reiourc* 
deployment. 

Th*  *o*nirto*  ere  baaed  on  a  100  x  200  km  gaming  are*  located  In  th*  European  Central  Region  and  It  I* 
Intended  that  th*  MMA  thould  demonitrat*  th*  ability  to  produo*  a  ilngla  view  of  th*  oulild*  world  through  It*  **ntor* 
and  a  ml»»lon  pl»n(»)  which  I*  capable  of  Inipaetbn.  In  addition,  th*  MMA  will  demonitrat*  th#  ability  to  'repair'  th* 
plan  a*  a  function  of  Information  updati*  or  unforaaoin  aventi. 

3  FUTURS  SVSTBM  RIQUIRIMINTS  AND  TH1  MMA 


Sophlitloaied  *y»t*m  d**lgn  and  d*v*lopm*nt  often  progreaie*  through  a  toglnally  ordered  **rle*  of  ph***» 
eaoh  of  wnkrh  build*  on,  and  I*  more  detailed  thin,  k*  pr*d*o**ior  -  a  top  down  ipproaoh  (2,3).  From  Initial  oonoept, 
therefore,  the  d**lgn  and  development  prooe**  gmirally  prooeed*  a*  In  Fig  t. 


I 

:l^n 

i, 


Objectives 

Functional  Decomposition  it  Specification 


Mission  Analysis/Task  Definition 

i 

Definition  of  Information  (Display) 
and  Control  Requirements 


Man-Machine  Authority  Allocation 


i 


Evaluation 

_ I 


Fig  1  Typical  design  prooM* 


In  prootlo*  thl*  I*  typloally  an  Iterative  prootai  where  avaluatbn  may  ratuK  In  a  rovliltlng  of  any  of  th*  atagai 
above  It  (a*  llluatrated  In  Fig  1)  •  *v«n  to  th*  extar'  that  It  may  aomatlmei  modify  tha  objaetlv#*! 
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It  Is  also  evident  [4]  that  thla  to  not  a  completely  tenable  approach  alno#  the  ImpHed  dopanderwy  of  aaoh  atagt 
on  Ha  predeoaeaor  maybe  only  partially  trua.  H  la  difficult,  lor  example,  to  predict  tha  attest  on  performance  of 
allocating  pilot  authority  to  epeojfto  taakarii unoMone  without  an  understanding  ot  tha  pilot  Information  and  oontrol 
requirements.  Thla,  In  turn,  may  require  significant  evaluation  or  raaaamh.  The  Inadaquaolea  ot  a  Top  Down  (or 
Bottom  Up)  approach  are  largely  caused  by  the  need  tor  a  'man-ln-the-loop'  eyitem.  Thus  a  flax  tola  mbrtura  ot 
approaohee  la  required  with  a  significantly  greater  emphasis  on  tha  Human  Factors  aspects  of  tha  system  early  In  tha 
design  prooess,  This  should  result  In  a  product  which  has  a  greater  proepeet  ot  satisfying  the  customer's  nseda  and 
also  minimises  the  Iterative  deelgn/redeslgn  process,  This  appraaoh  Is  reflected  In  tha  MMA  design  praoeea. 

4  MMA  OOM  FUNCTION* 

Recognition  of  the  need  for  a  more  pi  lot-orient  ated  approach  has  bean  embodied  In  the  MMA  In  that  the  Man- 
Machine  Interfaoe  (MMI)  development  has  been  Identified  as  a  separate  activity  which  ean  proceed  In  parallel  with  the 
prototyping  of  the  major  funetlona,  Thus  the  human  faotora  design  eonslderatlona  are  seen  as  Important  driven  In  the 
design  of  tne  MMA  itself  rather  than  vies  versa.  Consideration  of  tha  MMI  and  Information  display  requirements  have 
Included  examination  of  fundamental  human  factors  aspects  suoh  ae  the  pilot  need  end  benefits  of  prooeeaod  aensor 
Information,  potential  problems  associated  with  knowledge  databases  of  tactics  and  asasssed  threat  values,  the  dis¬ 
play  of  optional  plane  Including  advloe  on  tactical  routelng,  the  use  of  resources,  etc. 

This  approach  has  led  to  the  production  of  a  series  of  Human  Faotora  guidelines  for  tha  MMA  |8]  and  to  the 
derivation  of  the  four  major  functional  areas,  as  Illustrated  In  Fig  2,  via  Sensor  Fusion,  Situation  Assessment,  Dynamic 
Planning,  Man-Machine  Intartaoe. 

These  oore  functions  of  the  MMA  provide  a  tactical  plan  to  the  pitot,  which  ha  may,  wholly  or  partially,  aooept  or 
reject.  This  tactical  plan  is  designed  to  satisfy  the  mission  objectives.  It  addressee  every  aspect  of  the  mission  end 
Is  visible  to  the  pilot  through  his  ooekplt  display  suite,  Alternative  (and  preaumably  lesa  favourable)  plane  are  pro¬ 
duced  and  displayed  at  the  pilot's  request,  There  are  four  main  proeeseea  Involved  In  produelng  this  taotloal  plan. 
Sensor  fusion  takes  data  from  a  number  of  eourcee  Including  the  on-board  taotloal  database  and  oomblnas  It  to 
produce  a  single  fused  view  of  tha  out-alde  world  -  the  Alpha  eoene,  This  la  oomblned  with  Intelligence  data  from  the 
pro-mission  brief  database  to  praduoe  an  assessed  view  of  the  situation  ■  the  Bata  eoene,  taking  aooount  of  the 
objectives  of  tha  ourrenl  and  future  mission  phasea,  Thla  assessed  view  and  tha  overall  mtealen  objectives  are  used 
to  praduoe  a  number  of  taotloal  options  •  the  plans  (or  gammas).  Finally,  the  MMI  function  prioritises  the  information 
preaented  to  the  pilot  and  manages  tha  displays  and  multi-function  oontrols. 


4.1  tensor  fusion 

The  sensor  fusion  function  Is  provided  with  data  from  the  aircraft  sensor  systems,  communications  systems, 
and  the  taotloal  database.  This  Information  la  processed  In  two  stages  to  produce  an  Alpha  eoene,  whleh  Is  the  view  of 
what  ths  aircraft  can  see  In  the  outside  world,  together  with  associated  oonf  kfenos  Intervals.  The  two  stages  In  the 
sensor  fusion  prooess  are  correlation  and  attribute  fusion,  and  thsso  ara  described  below, 
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Oorrslatlon  Involve*  th*  correlation  of  track*  Into  petition,  and  where  possible  valocltlss,  by  the  alignment  of 
data  from  aanaera  with  different  aoeuraelaa  and  dUirant  temporal  and  spatial  rafaronoaa  framaa,  and  the  subsequent 
oomblnlng  of  traefta  Into  a  alngla  resolved  traok  with  a  confidence  Interval,  Secondly,  attribute  fualon  I*  th*  Werttrll* 
cation  of  target*,  using  aanaor  data  auoh  aa  Radar  or  IR  oignaturee,  along  with  oontaxtual  and  hlatorloal  Information 
from  th*  tactical  databaae  to  eaparat*  and  Identify  target*  which  are  peialbfy  epatially  Indletlngulehable, 

Th*  output  from  *«neor  fuelon  I*  th*  Alpha  *c*n«  oonelitlng  of  a  Hat  of  outald*  world  'object*'  with  th* 
poaltlon*,  v*looltl*t,  ***oolat*d  oonlldenc*  Interval*,  Identification*  and  ttatu*  where  appropriate. 

4, a  Situation  aaaaaamant 

The  Alpha  aeana  I*  paaaad  to  th*  Situation  Aeteiament  function  to  produo*  a  Beta  teen*,  which  oontalna  a 
threat-prlorhletd  Hat  of  objeots.  Thl*  It  a  muhl-ataga  procau  In  which  firstly  th*  known  friendly  object*  ar*  filtered  for 
aeparat*  proeetalng,  aa  although  they  may  not  presently  oonithute  a  threat,  their  praianoe  can  Influence  th*  overall 
aetaaemant  of  th*  threat  environment, 

Then,  th*  remaining  hoetll*  and  unknown  object*  ar*  evaluated  for  threat  and  target  potential,  Thl*  evaluation 
reeulte  In  Inherent  threat  value*  being  ualgned  to  theta  oh|ects  bated  on  Wsntffloatlon  of  the  threat/target  and  Ita 
ourrent  relation  to  the  MMA  aircraft  (eg  etatui).  The**  threat  value*  ar*  an  Integral  part  of  th*  Beta  teen*  which  I* 
dleplayed  to  th*  pilot  and  ar*  alio  uted  In  th*  planner  In  ‘ooitlng1  th*  propoied  plan(a), 

Thu*,  th*  ahuallon  aea**im*nt  proeeit  reiuh*  In  a  Hat  of  object*  which,  In  combination  with  th*  reoognlied 
friendly  object*,  oonilHute  Ih*  Beta  icene.  Th*  output  Beta  *n*n*  I*  of  th*  i*m*  format  a*  th*  Alpha  loan*,  but  with 
th*  addition  of  a  threat'  value,  priority  ordering,  and  th*  maeklng  of  th*  uncertainty  attaohed  to  th*  original  report*. 

4.1  Dynamic  planning 

Thl*  I*  th*  heart  of  the  MMA  whloh  oonatruct*  taetloa!  plan*  (Gamma*)  Including  *  Qamma*  option  (th*  moet 
favourable  gamma).  Th*  plan*  ar*  built  from  th*  Beta  icon*  Input,  which  provide*  th*  planner  with  th*  'current 
situation',  and  from  th*  minion  objective*  provided  by  th*  pre-mliilon  brief,  Th*  final  Gamma’  ptoduoed  oontalna 
muoh  more  than  Jus  a  propoeed  rout*,  lor  example,  the  propoied  employment  of  weapon  and  oount*rm*a*ur* 
*y*t*ma,  and  th*  thrae-dlmanabnal  taotloal  rout*  generated  by  th*  threat  avoldano*  tunotlon,  whloh  ar*  fed  to  the 
appropriate  aircraft  lyatem*. 

Th*  Planner  oonttruoti  th*  taotleal  plena  (gamma*)  In  a  data  itruetura  who**  entrle*  represent  pirameter 
value*  for  that  *tag*  of  th*  minion  and  following  that  pcrtloulir  plan.  A  taareh  performed  through  thl*  itruoture, 
using  technique*  approprlit*  for  dealing  with  a  dynamic  situation,  provide*  th*  gamma*,  This  gamma*  I*  output  to  the 
pilot  lor  him  to  aooept  or  reject  before  being  paieed  to  th*  alroraft  system*.  Th*  Planner  alto  ha*  responsibility  for 
monitoring  changes  In  th*  Beta  ecana  and  progress  on  th*  plan  with  a  view  to  'repairing'  the  plan  whan  appropriate. 

Th*  Planner  evaluate*  option*  for  an  Attaok/Defeno*  strategy.  The**  option*  lake  aooount  of  th*  mission 
objective*,  potential  target  and  threat  value*  and  th*  current  statue  of  th*  aircraft'*  weapon*  and  countermeasure*. 

Small  seal*  taotloal  re-routslng  In  th*  air,  for  threat  and  terrain  avoidance  I*  Incorporated  at  a  low  level  In  th* 
gamma(*).  Th*  output  I*  In  th*  form  of  a  list  of  threat-avoiding  waypoint*  for  utilisation  by  th*  navigation  system. 

4.4  Man-maohlna  Intarfao* 

Th*  man-maohln*  Interface  for  th*  MMA  I*  oentred  around  th*  Pilot  Interface  Manager  (PIM).  Th*  PIM  may  be 
ooneldered  a*  a  number  of  functions  which  'organise1  th*  Information  required  to  be  presented  to  the  pilot  at  any  time. 

The  cor*  function*  of  th*  MMA  will  provide  a  wealth  ol  Information  relating  lo  the  current  altuatlon,  propoied 
MMA  aotlons/toluttont,  statu*  of  eyatame  and  oua*  to  the  pilot,  and  tha  PIM  will  prioritise  this  Information  aoeordlng  to 
th*  pilot'*  currant  objsothra,  Th*  Information  required  lor  display  It  scheduled  aoeordlng  to  the  pilot'*  current  tasking, 
which  will  be  monitored  by  th*  MMA.  This  scheduling  (unction  will  oontlnuslly  ******  th*  allocation  ol  task  betwsen 
th*  pilot  and  th*  MMA  and  will  display  th*  appropriate  level  of  Information. 

Another  Important  aspect  of  th*  MMI  will  be  In  ensuring  that,  apart  from  the  level  of  Information  displayed  auto¬ 
matically  to  th*  pilot,  ho  oan  cully  and  naturally  aooau  lower  lavtls  ot  Information  to  explain,  or  qualify  MMA  advlos/ 
plana,  ate.  Thl*  will  be  particularly  Important  In  tha  evaluation  of  tha  MMA,  and  In  pilot  training,  In  order  to  boost  oontld- 
anoe  and  aooaptablllty  of  the  lyitem. 

Aa  deaorlbed  earlier,  th*  pilot  will  bo  provided  with  an  asiaased  view  of  th*  outald*  world,  tha  Bata  loans, 
provided  tram  tha  altuatlon  assessment  function.  Overlaid  on  thl*  will  b*  th*  ulactad  plan  or  gamma*  and  tha  associ¬ 
ated  itatus  massages  and  pilot  action  eommandi,  However,  the  ability  of  tha  pilot  to  Interrogate  th*  system  to  a  lower 
lava!  (ag  th#  Alpha  loans),  to  aooapt/rsjeet  options  on  tha  gamma',  to  aik  'what  If  typa  qusatlons,  and  ptrhaps  moat 
notably,  to  ovarrlda  tha  MMA  art  vary  Important  human  factor*  oonildaritlon*  for  in  MMA  aircraft. 

I  HUMAN  FACTOR!  DIBIGN  OONBIDIRATIONB 

Tha  paper  hu  already  Introduced  tha  notion  that  there  4  •  need  for  a  shift  In  (ht  datlgn  emphula  of  sophisti¬ 
cated  and  highly  Intagrated  ayatsma  toward*  a  pUotrartontated  approach  and  outlined  tha  rsawni  for  this  shift,  Tha 
MMI  It  therawa  of  fundamental  Importance  to  the  MMA, 
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The  ov trail  objective  of  tht  MMA  It  to  InorttM  tha  ehuailonal  awareness  ol  tha  pilot  (and  Ihereby  Improva 
ovarall  mission  effoeilvonett)  by; 

(I)  providing  him  with  mora  eomplata  and  hlghar  quality  Information  (agtuaad  aanaor  data), 

(II)  by  praaantlng  him  with  optiona  tor  daallng  with  ahuitleni  uting  Information  which  ha  may  not  hava  raadlly 
to  hand  (eg  tad  leal  routalng  optiona), 

(III)  by  monltorlng/lnformlng  him  of  altuatlonal  changaa  and  ayatam  tranda  aa  required  (eg  changing  thraat 
atatua,  projected  out-cf-ilmlt  ayatam  paramatara). 

Tht  ovarall  cbjaotlvt  of  tht  MMI  la  to  praaant  tha  Information  whloh  tha  pilot  naadt  In  a  lathlon  whleh  It  raadlly 
aaalmltattd  and  to  allow  him  to  Intaraot  with  this  Information  In  a  way  whloh  It  appropriate  and  natural.  This  knpllet  a 
oartaln  dagraa  of  maohlna  IntaUlganoa,  for  Inatanea,  In  tha  a  rata  of  dliplaya  managamant,  automatlo  dispensing  of 
expendable  oountarmaaauroa  ate,  It  alto  Implies  a  requirement  for  Infarantlal  proeaatat  tinea  tha  MMA  thoukf Intar* 
prat  both  tha  pitot's  currant  and  future  requirements  through  a  knewladga  of  hit  goala  (eg  mlaalon  raqulramanta  at 
variout  lavala),  an  evaluation  of  hla  ntada  (eg  pertinent  Information  to  maxlmlaa  hie  altuatlonal  awaranata),  and 
Interpretation  of  hit  aotloni  (eg  Intentional  devlattona  from  planned  taotloa!  route). 

1.1  •Ituatlanal  awaranata 

Thle  la  one  particular  area  In  wfitoh  tha  MMA  praaantt  novel  Human  Factors  problama.  Tht  Information  whloh  la 
being  preaented  to  tha  pllol  at  any  Inatant  In  time  It  not  aa  predlotabla  u  hu  traditionally  bean  tha  oata  and  It  la 
aaaantlal  to  anaura  that  thlt  'machine-management'  of  tha  presented  Information  tarvtt  to  enhance  the  Situational 
Awaranata  ot  tha  pilot  rathor  than  to  degrade  h  by  praaantlng  Information  whloh  it  unexpeotad/not  raqulrad  or  by 
changing  tha  character  of  tha  displayed  information  (eg  revising  tha  taotleal  route)  whhout  priming  tha  pilot  or  request¬ 
ing  hit  aooaptanoa. 

Another  aapeot  ot  this  problem  la  that  of  pilot  oonfldanet.  Traditional  ayatama  art  predlotabla  In  tha  aanaa  that 
there  it  little  In  tha  way  at  Intelligent  automation.  Under  these  droumatancea  ft  la  relatively  simple  to  prove  tha  ayatam 
and  pilot  oonftoance  la  rapidly  aatabtlahad.  to  whatovar  dagraa  It  appropriate,  alnoo  ayatam  performance  expects- 
done  are  wall  undaratood.  In  oontraat,  tha  MMA  will  hava  a  muoh  larger  dagraa  of  autonomy.  Indeed,  there  will  ba 
oocaaloni  whan  tha  ayatam  putt  value  judgements  on  data  at  lit  ditpoaal  (as  dynamle  thraat  Maeaamant).  Under 
theta  oheumstanoea  It  la  muoh  more  difficult  to  eelabkth  pilot  oonfldtnos  In  tne  lyttom  alnoo  ho  la  no  longor  aura  of 
maohlno  parformanoa.  Further,  It  ha  la  to  accept  advice  from  the  ayatam  there  will  ba  times  whan  ha  will  not  under¬ 
stand  tha  reasoning  which  hot  lad  tha  maohlna  to  Ha  current  dtclalont,  Thlt  la  an  Important  aapeot  of  the  develop¬ 
ment  and  evaluation  ot  ouch  davlcaa  and  It  oonaldared  In  mora  detail  later  In  tha  paper. 

5.2  Knowledge  elloltatlon 

Tha  proeeaa  of  knewladga  elioltailon  has  received  muoh  attention  In  rooent  year*  and  nakher  tha  effort  Involved 
nor  tho  naeoaahy  for  a  formal  approaoh  should  bo  undoroatimalod.  There  art  a  number  ol  lavolt  of  maohlna  Intelli¬ 
gence  but  knowledge  elioltailon  It  a  fundamental  Human  Faotora  issue  whether  wt  are  daallng  with  'Artlflolal 
Intelligence'  or  Intelligent  automation. 

Intelligent  automation  rafort  to  situations,  auoh  aa  dlaplayt  management,  whara  tha  knowledge  gained  by  the 
deilgner  haa  bean  uaad  In  the  design  process  to  determine  ihai  tpaoHle  events  will  ooeur  under  a  particular  eat  ot 
operational  oondltlona.  Tha  number  of  parameter*  Involved  In  latlafylng  tome  criterion  It  usually  fairly  limited  and 
datarmlnad  simply  whan  tha  parameter!*)  art  anabltd  or  rtaoh  tome  thraihold  value. 

Artlflolal  IntaUlganoa  teohnlquot,  however,  are  typically  oharaotarlaed  by  tha  use  ol  a  number  of  Tuloa'  or 
complex  oondWonal*  whloh  are  evaluated  to  dotarmln*  an  appropriate  raaponaa  to  partleular  altuatloni.  Theta  rules 
are  either  contained  at  an  Integra!  part  ot  tho  controlling  software  or  tat  aalda  In  a  rule  bate  (aa  In  an  expert  ayaiam). 

In  tha  military  environment  (hart  art  at  laaat  three  level*  ol  knowledge  alioltstton.  At  tha  teohnloal  level  tha 
reapeotlvt  toohnotoglats  are  an  Important  source  ot  knowlodgt  rotating  to  praaont  and  future  equipment  capability  so 
that  tha  maohlna  oan  quality  data  It  receives  with  knowledge  ol  both  It*  own  and  potalblv  enemy  equipment.  Alroraw 
era  alio  an  axoallant  aouroe  ot  knowledge  relating  to  operational  Itausa  and  taotloa  to  that  tha  maohlna  oan  otter 
advloe  based  on  Ita  understanding  ot  reasonable  optiona,  ato.  A  third  aapeot  ot  knowlodgo  elloltatlon  In  tho  proto¬ 
typing  ol  future  ayatama  la  In  tha  foreeaiting  ol  tha  operator's  rota  and  how  ohtngat  may  Impaot  ayatam  design.  Tha 
Human  Faotora  specialist  hu  an  Important  role  In  this  reaped  tlnoa  ha  hat  a  good  undemanding  of  tho  human  pro- 
ooaioa  end  tho  methods,  both  objective  and  subjective,  for  InvesUgatlnqlhem.  In  addition,  hit  view  of  tho  operator's 
role  It  not  raatrtoted  by  current  operational  or  doctrinal  oonaldaratlont.  Thai#  three  aspects  are  very  complementary 
and  tha  Human  Faotora  arts  la  tr.a  natural  toous  lor  this  activity  redacting  tho  Increasing  nted  tor  a  mora  pitot- 
orlantatad  deaign  approaoh. 

>.S  Man«maohlns  authority 

Tha  MMA  wilt  alfael  all  tha  major  avionic  ayatama  ol  future  alroraft  (Including  tha  ptiotl)  and  the  relative  level  of 
authority  between  tha  pitot  and  tha  MMA  (or  Ha  components)  It  of  fundamental  Importance  In  tha  dulgn  of  the  ovarall 
ayatam.  Although  tha  MMI  will  ba  a  eruolal  Ittue  In  determining  tha  auoosu  of  tha  MMA  a  mora  batb  luua,  at  taut  In 
terms  ot  the  overall  ayatam  design,  la  tha  man-machine  relationship.  Thus,  H  It  anticipated  that  tha  allocation  of 
function  between  pilot  and  maohlna  wHI  ba  eharaotorlaad  by  toe,  Ain  dagraa  of  ffoxlwllty  to  oatar  for  sHuailent  whara 
tha  MMA  may  reltove  tht  pilot  of  a  partleular  task  (or  vtoa  vena),  An  axampla  of  thlt  It  the  MMA  Rtliax  Raaponaa 
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function  whor«  thi  MMA  hii  the  authority  to  daploy  oountermeaeurea  and,  ultlmatily,  manoeuvre  In  reaponee  to  a 
thnit  to  whleh  tha  pilot  either  eannot  or  don  not  have  time  to  reepond.  Altarnatlvaty,  thara  may  b»  ooouloni  whan 
tha  pilot  raqulrea  manual  oontrol  evar  a  function  which  la  otharwlia  under  control  of  tha  MMA,  eg  oocftpH  modlng  or 
daploymant  of  oountarmanurai,  In  any  avant,  thara  will  be  a  naad  tor  aoma  ravaralonary  capability  at  laaat  until  auoh 
tlmi  at  lufilclant  operational  experience  haa  bean  gained  to  prove  tha  MMA'a  long  term  reliability. 

The  deelgn  of  Inherent  flexibility  Into  the  allocation  of  function  haa  obvloui  Implication!  for  the  8ltuational 
Awareneu  of  tha  pilot.  How  doea  the  pilot  know  the  ourrant  allocation  of  function?  the  deilgn  of  any  auch  flexibility 
potentially  meana  that  tha  pilot  haa  to  keep  a  mental  track  of  rilattva  reiponalbllltlai,  Ideally,  without  any  extra 
oognltlve  loading.  Such  a  feature  may  affect  hla  ability  to  antlclpata  tha  actlona  of  tha  MMA  and  raduoa  hla  Situational 
Awirenaaa,  for  example.  Immediately  following  an  unexpected  action  or  manage. 

So  tha  laaua  of  Man-Machine  authority  la  a  fundamental  laaua  In  tha  deelgn  of  an  MMA  and  nlearly  tha  province 
of  tha  Human  Facton  epeolallat,  Tha  Joint  venture  la  devoting  oonaldarabla  effort  to  thli  aepeot  of  tha  deelgn  and  the 
concept!  embodied  In  the  prototype  deelgn  will  be  evaluated  during  tha  Mleelon  Oapabla  Simulation  phaee  of  tha 
programme. 

B.4  Tha  allooatlen  of  function  paradox 

In  endeavouring  to  define  tha  allocation  of  funotlon  between  man  and  maohlna  It  le  obvlouely  Important  to 
develop  an  undemanding  of  tha  oapabllltlai  of  future  ayetama,  However,  It  le  alio  Important  to  undaratand  tha  oapa- 
bllltlea  of  tha  pilot  and  balance  the  atrangthe  and  weaknaea  of  aaoh,  Indeed,  tha  level  of  allocation  of  funotlon  may 
well  affeet  tha  way  In  which  Information  la  preeanted  to  tha  pilot  (eg  In  He  level  of  abatraetnaae). 

8.4.1  Lavala  of  taak  abatraotlon 

In  developing  a  atrategy  tor  tha  allocation  cf  function,  It  le  neeeeeary  to  ooneldir  which  taake  are  beet  eulted  to 
the  MMA  and  which  to  the  pilot,  how  tha  allooatlen  of  authority  lor  Iheea  may  be  Influenced  by  the  operational  oontext 
and  tha  naad  for  duplication  of  funotlon  between  the  pilot  and  tha  MMA.  In  modelling  human  performance  It  la  conveni¬ 
ent  to  ooneldar  performance  baead  on  different  lavala  of  activity  or  reaponee,  Thaaa  lavala  are  often  dneerlbed  aa 
aotlvhlee  baaed  on: 

S  Bkllla 
Knowledge 
Inference, 

(a)  Onoe  aklHe  hava  bean  developed  through  axtanalve  training  and  praotloe  there  le  a  natural  limit  to  the 
aoeuraoy  of  that  aotlvHy  which  le  determined  by  fiofora  auch  ae  human  eaneor  performance,  reaction  time,  manual 
dexterity  aa  well  ae  environmental  factora  auch  ae  V  loading,  etc.  Fig  3a  ahowa  tha  typloal  relatlonehlp  between 
proeeaalng  raaouroe  and  performance  and  llluatratae  thle  natural  limit  to  human  performance  whloh  le  largely 
unaffected  by  Inoraaalng  the  amount  of  raaouroe  allocated  to  It  but  whleh  can  ba  alavatad  to  a  degree  by  praotloe, 

Thlt  la  particularly  oharaeterletle  of  Mill  baaed  performanoa  •  It  le  generally  ovarlaarnad,  more  or  line  Initlnctlve  and 
doee  not  require  a  great  dial  of  high  (aval  oognltlve  prooeealng,  Typloal  axamplea  of  thaea  ikllla  might  be  flight  oontrol 
or  weapon  aiming.  They  are,  however,  lueeeptlble  to  dieruption  from  competing  leeka  which  may  unexpectedly 
aeiume  a  higher  priority,  Unlike  the  maahlne,  the  human  operator  li  very  poor  at  multiplexing  between  taike.  Where 
there  le  a  requirement  to  multiplex,  prooeealng  of  one  taM  la  often  delayed  until  a  higher  priority  one  hae  bean  com¬ 
pleted,  In  many  oaaee  tha  requirement  tor  tha  pilot  lo  multiplex  often  raeulte  In  a  lower  quality  performance  Irreipac- 
tlve  of  reiponae  tlma,  Thla  la  not  normally  tha  oaea  with  a  maohlna, 

Maohlnee,  on  tha  other  hand,  oan  normally  perform  than  taike  with  an  accuracy  which  la  only  effectively 
limited  by  tha  raeolutlon  of  tha  aanaor  data,  powar/i  pa  ad  of  the  procaieor,  etc.  For  example,  modern  aircraft  are 
demonatrably  good  at  flight  oontrol  or  terrain-following  taMa,  Although  It  le  difficult  to  demonetrata  a  maohlna  which 
laarna  In  tha  traditional  human  aanae  (eg  through  praotloe)  It  le  likely  that,  unlike  their  human  counterpart,  their  per¬ 
formance  will  oontlnue  to  Improve  with  future  hardware/aoftware  development!  (Fig  3b),  Thui,  machine!  are,  argu¬ 
ably,  better  auked  than  pilot!  to  taeka  eharaoterlied  by  thle  level  of  activity  eapeolally  where  there  le  a  frequent  naed 
to  multiplex  between  taeka. 

(b)  Tha  next  level  of  activity  la  that  bated  on  knowledge  or  pravloui  experience.  Reiponiee  to  threat!  ara 
typically  baaad  on  the  uaa  of  knowledge  of  ayetema  (eg  effect!  of  countermeaiuree).  Humani  are  generally  good  at 
thle  level  of  activity,  Paradoxically,  thalr  performance  (eg  raeponee  tlma)  chan  Improve!  with  Inoreailng  amount!  ol 
data. 


Maohlna  performance,  on  tha  other  hand,  le  uiually  adveraaly  affected  with  Inoraaalng  data,  Increaalng  tha 
knowledge  held  by  the  maohlna  Invariably  Increaiei  ayitam  reipenaa  tlma.  In  addition,  tha  quality  of  machine  rea- 
pome  le  directly  dependent  on  the  euooaei  of  the  Human  Faotore  ipeclallet  In  dlitllllng  tha  appropriate  Information 
from  tha  'expert'  and  lynthailalng  a  rapraiantatlve  rule  let,  In  an  application  auoh  ai  tha  MMA,  where  ooncluilone 
are  not  limply  correct  or  Incorrect  but  may  be  beet  aatlmatei,  thla  activity  li  a  ocrneniona  of  the  antlra  lyetern, 

(o)  Inferenolng  la  tha  ability  to  reach  a  deolilon  or  to  taka  a  courie  of  action  baaed  on  Inoomplata  data  and 
requlrea  eomi  level  of  reaaonlng  or  projection  about  poulble  outcome!  or  alternatlvi  aolutlona.  Humani  ara  partlou- 
larfy  good  at  thle  activity.  It  la  tha  ability  to  make  a  value  judgement  (ag  to  put  oentldinea  aatlmatei  on  unoarteln 
data)  whleh  la  often  critical  In  datarmlnlng  tha  auooaaa  or  failure  of  a  mlaalon  and  la  tha  primary  reaeon  for  tha 
continued  axlatcnoe  of  tha  man-ln>tha-loop,  Onoe  again,  human  performance  often  Inoraaaaa  with  Inoraaalnu 
amount!  of  data, 
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Pig  3  Man  and  machine  reacurce-perlormanoe  relatlonehlp 


It  li  alien  difficult  to  aaaaaa  machine  parformanea  In  this  arta  tinea  tha  orltarla  lor  tha  aaiaaamant  ara  oltan 
unoartaln.  This  point  la  developed  latar  In  tha  pa par,  However,  tha  MMA  programma  It  partloularly  eonoarnad  with 
prototyping  a  numbar  ol  higher  lava!  functions  which  raqulra  both  knowledge  and  Inlaranelng.  Infaranelng  It  an 
Important  quality  ol  tha  MMA  alnot  It  may  wall  hava  asoaia  to  Information  whleh  la  temporally  danlad  to  tha  pilot  or  ol 
which  tha  pilot  hat  not  takan  lulllolant  aocount  duo  to  high  workload  and  a  look  ol  sKuattonsI  awaranata.  In  addition, 
maohlnaa  ara  oomplataly  Impartial.  Thay  do  not  exhibit  mantal  'tala'  In  tha  aama  way  at  It  typical  ol  human  prooatt- 
Ing  whloh  attaot  both  tha  way  In  which  Information  la  paroalvad  and  tha  walghtlng  It  It  at tlgnad. 

It  la  In  thlt  araa  that  tha  ralatlonahlp  batwtan  tha  man  and  tha  maohlna  It  moil  complex  and  thli  It  rallaolad  In 
tha  Intention  that  tha  MMA  ahould  ba  a  pilot  aid  and  not  a  manager  Thut  tha  MMA  provided  advice  to  tha  pilot,  whloh 
ha  mutt  than  Interpret  and  place  hit  own  value  judgement  on,  unlata  tha  situation  dlotatai  ntharwlaa, 

9.4.8  Flexibility  and  tha  allegation  ol  lunation 

Given  that  the  Initantanaoui  workload  will,  at  tlmaa,  ba  auch  that  human  parformanea  will  ba  degraded,  there  It 
comparable  potential  banallt  to  ba  gained  from  tha  praeenoe  ol  a  maohlna  that  oan  mlnlmlie  the  overall  workload  laval 
by; 


(a)  Inoraatad  uta  ol  Intalllgant  automation  aapaolally  In  tha  lyatama  managamant  araa, 

(b)  tha  um  ol  Artlltoial  IntalUgenoe  taehnlquat  to  monitor  tha  ovarall  situation  and  avaluata  optbna  or 
eouriai  ol  action  whleh,  lor  whatavar  raaaon,  tha  pilot  may  not  thoroughly  oonaldar  aueh  that  It  ean  cua 
tha  pilot  or  Inttrvtne  wnan  appropriate. 
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N  the  workload  tsvsl/lask  etructur*  wart  predictable  at  tvery  Instant  In  time  during  t  mission,  and  ths  perform- 
anoa  ohsraotarlstlcs  ot  tha  human  wers  known  In  datall,  allocation  ol  function  would  ba  a  relatively  simplistic  task. 
Unfortunately,  neither  of  these  are  true.  Tha  Instantaneous  level  of  workload  la  not  generally  predictable  and  therefore 
there  seems  to  ba  an  Inescapable  requirement  for  some  level  of  dynamic  allocation  of  function  within  a  devies(t)  such 
as  the  MMA.  This,  In  turn,  requires  the  MMA  to  be  oapable  ol  intarenoing  and  monitoring  the  overall  situation  whilst  the 
pilot  retains  overall  control  under  moet  eiroumetanoee.  In  order  to  carry  out  these  funetnne  the  MMA  has  an  Impllelt 
requirement  to  contlnuouily  evaluate  tha  current  situation. 

Although  the  allocation  of  authority  over  funotloni  has  to  retain  a  degree  of  flexibility,  It  le  envisaged  that  tasks 
which  may  be  adequate^  characterised  by  Intelligent  automation'  would  be  moet  suited  to  be  allocated  to  the  MMA 
allowing  the  pilot  to  altocete  more  of  hie  resouroee  to  decision  making  baaed  on  a  heightened  situational  awareneee. 
These  higher  level  aetlvltlee  would  typically  take  account  of  advlee  offered  by  the  MMA,  eg  In  respect  of  alternative 
tactical  routes.  Thus,  ths  pilot  and  the  MMA  form  an  Interactive,  Integrated  and  complementary  relationship. 

•  MMA  (VALUATION 

The  problems  of  valldatlng/evaluatlng  Al  software  are  well  recognised.  Although  the  software  is  essentially 
deterministic  its  performance  may  not  be  predictable  In  a  practical  sense  In  that  the  rules  (or  conditionals)  which  deter¬ 
mine  tha  outcome  of  any  particular  process  we  both  oomplax  and  numerous.  Traditional  validation  techniques  are, 
therefore,  often  not  very  productive  or  sufficient.  In  addition,  avionics  systems  such  as  the  MMA  will  be  providing 
advioe  to  the  pilot  In  arses  where  the  pilot  may  not  have  sufficient  Information  to  adequately  assess  ths  accuraoy  of 
ths  answer  or  where  there  may  not  even  be  e  'correct1  answer  (eg  detailed  tactical  route).  Successful  Integration  ot  an 
Intalligenl  planning  aid  such  as  tha  MMA  requlraa  tha  accaptanea  end  eonlldanoe  ot  the  user  and  It  la  Important,  there- 
fo re,  to  develop  an  understanding  of  the  criteria  by  which  the  performance  of  such  a  device  oan  be  measured. 

There  ere  at  least  two  levels  «  which  performance  of  the  MMA  may  be  measured  and  we  may  refar  to  thaaa  as 
tha  functional  level  end  the  operational  level.  In  the  MMA  Joint  Venture  theta  correspond  broadly  to  the  prototyping 
and  MC8  phases  of  the  programme. 

6.1  Functional  evaluation 

The  functional  level  of  evaluation  le  ooneemed  with  assessing  the  degree  to  which  the  MMA  software  produces 
a  oorrect  and  high  Integrity  response  to  any  particular  set  of  conditions.  Traditionally  this  he*  required  letting  to 
demonstrate  that  the  various  function*  perform  to  the  original  specification.  In  the  case  of  such  a  sophisticated 
avionics  system,  however,  It  Is  likely  that  ths  original  specification  will  not  be  sufficiently  detailed  to  allow  an  adequate 
asseatment  In  many  reepeoti. 

In  an  operational  altuitlon  It  It  likely  that  the  MMA  will  have  aoeese  to  Information  whloh  It  not  available  to  the 
pilot  at  any  Irritant  In  time.  It  le  alto  likely  that  the  pilot  will  have  knowledgs/expertlee  which  I*  not  known  by  the  MMA 
(eg  Individual  experience).  Under  thee*  condition*  the  MMA  and  the  pilot  form  a  very  complementary  pair  whose 
potential  Joint  performance  would  axessd  that  of  eaeh  separately.  However,  sines  It  Is  probable  that: 

(1)  ths  MMA  will  not  usually  produos  a  higher  quality  plan  then  the  pilot  when  he  he*  the  time,  experience  end 
appropriate  Information, 

(II)  the  pilot  will,  on  oooatlone,  net  be  In  a  position  to  evaluate  an  MMA  solution,  eg  whan  the  pilot  It  resoures- 
llmlted  or  dost  not  have  Immediate  eccett  to  apeclflo  Information  known  by  the  MMA, 

It  Is  pertinent  to  question  what  I*  an  eoceptabl*  MMA  dedtlon.  It  1s  likely  that  there  I*  no  deer-cut  answer  to  thl* 
question  since  tha  criteria  are  likely  to  be  situation  specific.  For  example,  It  I*  relatively  easy  to  dstermln*  whether  the 
system  ha*  moded  the  cockpit  oorreotly  under  any  given  set  of  oondltlont,  H  It  much  mors  difficult  to  determine 
whether  the  system  he*  established  the  optimum  thr**-dlm*nslon*l  tactical  route  to  the  target  or  even  whether  It  has 
correctly  ranked  alternative  route*. 

Apoealbl*  solution  to  this  It  to  Invokt  a  system  of  performance  measurement  bated  on  criteria  which  accom¬ 
modate  the  degree  to  which  the  output  can  be  shown  to  be  eitlsfeetery ,  To  this  end  a  set  of  criteria  ere  proposed  for 
the  acceptance  of  software  such  as  required  by  the  MMA  which  necessitate*  that  It: 

(t)  hat  the  required  functionality, 

(2)  create*  'correct1  solution!  wherever  poealble, 

(3)  provides  ths  pilot  with  eoceptabl*  eolutlenaAtptbni. 

Thus,  the  software  should  exhibit  the  required  functionality  where  H  It  possible  to  adequately  specify  thl*  under 
the  rang*  of  operational  oondltlont  oxpoetod  (eg  oocfcpk  modlng).  Whore  thl*  It  not  pottlblt  It  le  required  that  tha 
software  create*  'oorreot'  solution*  wherever  poitlbl*  (eg  production  ot  a  true  Recognised  Surface  Picture).  There 
wilt  be  elfoumttancat  In  whieh  neither  of  these  are  possfots  such  as  whan  data  It  qualified  with  a  Value  judgement', 
eg  perceived  dynamic  threat  value  or  perceived  cost  of  rtaouroo  deployment  such  at  oountermeasures.  Under  these 
oondltlont  It  I*  suggested  that  the  software  should  provide  the  pilot  -rttn  acceptable  eoluttoneXoptton*  (at  In  the 
proposed  use  of  resources).  Using  this  type  of  approach  k  should  be  possible  to  optimist  the  performance  of  the 
eyetem  end  thereby  mexlmle*  the  confidence  of  the  pilot  In  the  capability  of  hit  meehln*. 


6.2  Operational  evaluation 

At  tho  operational  laval  It  la  Important  to  ba  ablt  to  avaluata  tha  overall  ayetei..  and  this  naoaaaarlly  Includes 
the  pitot  In  tha  evaluation,  This  provides  an  opportunity  to  avaluata  tha  syatam  at  a  whole  and  to  optlmiae  tha 
afltolancy  In  a  variety  ol  areas.  The  basic  objective  ol  this  level  ot  evaluation  la  to  establish  whether  an  MMA  equipped 
aircraft  la  more  'mission  eft  active'  than  an  aircraft  without  an  MMA.  A  fundamental  Issue  In  determining  the  relative 
atftdenoy  of  the  alternative  oonttauratlons  Is  the  relationship  between  the  man  and  the  machine  and,  at  a  lower  level, 
theMMI, 

To  this  end  the  Joint  Venture  will  establish  a  ftexbie  real- time  Mission  Oapable  Simulator  (MC8)  embodying  the 
MMA.  1)ie  objectives  of  this  simulation  facility  are  to  allow  the  objective  optimisation  of  the  MMA/MMI  prototype 
functions  In  a  realistic  environment  and  to  Investigate  the  relative  efficiencies  of  various  methods  of  Information 
presentation  and  pilot  interaction  with  the  system. 

In  order  for  the  MMA  to  perform  In  a  realistic  manner  b  w<U  need  to  base  He  dedslons  on  a  Knowledge  of  enemy 
capabilities.  Thus,  In  order  to  plan  the  most  efflolent  taetlea!  route  It  should  have  access  to  onboard  databases 
oonoemlng  Information  suoh  as  eurfaoe-to-alr  missile  site  response  times,  tactics  and  oommand  and  control  net* 
works.  The  simulation,  in  turn,  wilt  need  to  realistically  modal  these  aspects  of  the  scenario  (an"'  incidentally  realistic 
sensor  performance,  etc)  and  a  great  deal  of  effort  la  being  allocated  to  the  creation  of  such  an  adequate  test  harness 
during  the  early  prototyping  phase  so  that  the  functional  evaluation  Is  oarried  out  under  similarly  realistic  condKiona. 

Although  there  la  a  large  amount  of  development  work,  which  necessarily  precedes  this  later  programme  phase, 
tha  man-ln-the-loop  level  of  evaluation  la  prograaatvaly  becoming  e  fundamental  aspect  of  system  development  ea  the 
level  of  system  sophistication  continue*  to  Increase.  Indeed,  It  reflects  the  Increasing  importance  of  the  MMI,  end  the 
relatlonahlp  between  the  man  and  the  machine  In  future  avionic*  systems,  and  underlines  the  necessity  for  ■  shift  In 
emphasis  towards  s  pltot-orlentated  design  approach. 

7  OONCLUaiON 

Future  missions  era  UKaly  to  be  eharaoterlsed  by  an  Increasing  number  of  occasions  which  will  seriously  reduce 
the  probability  of  mission  euooese  unless  we  cart  ensure  that  tha  pilot  can  react  swiftly  and  effectively.  This  can  only 
be  aohleved  by  ensuring  that  the  pitot  oan  maintain  a  high  lave)  at  situational  awarsnass  which  implies  both  an  under¬ 
standing  of  the  ourrent  situation,  the  hlalory  whleh  has  produced  the  situation  and  the  Implication*  for  the  future 
mission  situation. 

Under  high  woridcsd  conditions  there  is  an  obvious  need  for  an  MMA  which  oan  assist  the  resource-limited  pilot 
through  dynamlo  management  of  the  workload  end  provision  of  appropriate  high  level  Informal  ton/sdvloe  by  monitor¬ 
ing,  inferring  and  planning. 

The  Integration  ol  a  device  tuoh  at  the  MMA  poses  fundamental  question*  relating  to  Kt  operational  vaUdstun, 
the  man-machine  Interface  and  the  relationship  between  the  two.  Indeed,  there  teems  to be  an  Inescapable  require¬ 
ment  lor  a  degree  ol  flexibility  In  the  allocation  ol  (unction  between  the  pitot  and  the  MMA.  Because  of  the  sophistica¬ 
tion  ol  this  dess  ol  avlonio  devlce(s)  end  the  continued  existence  of  the  pilot-ln-the-loop  It  It  argued  that  neither  a  top- 
down  nor  a  botlom-up  approach  to  tyttom  design  It  adequate  and  the  oat*  hat  been  mad*  for  a  shift  in  the  design 
emphasis  towards  s  mors  pltot-orlentsted  approaoh. 

The  apeelftoatlon  ol  such  a  system  is  difficult  and  It  Is  lets  dear  whst  performance  Is  specifically  expected  from 
the  system.  This  raises  basic  questions  about  the  criteria  for  aooeptabls  MMA  declstont/toluttona  and  an  approach 
to  this  problem  bated  on  the  degree  to  whieh  the  output  has  been  shown  to  be  satisfactory  has  been  suggested, 

These  Issues  are  an  Integral  part  ot  tha  MMA  Join!  Venture  programme.  The  techniques  required  by  the  core 
lundlons  of  the  MMA  art  currently  under  development  In  the  prototyping  phase.  It  It  essential  to  develop  an  under¬ 
standing  of  the  performance  ol  tuoh  t  dais  of  tvtonle  system  In  an  operational  oontaxt  and  an  essential  slap  In  this 
direction  is  evaluation  through  s  piloted  Mission  Ospadt  Simulation.  Tht  Mission  Oapable  Simulation  phase  will  allow 
real-time  optimisation  ol  the  MMA/MMI  functions  In  a  realistic  and  Intelligent  sir-to-ground  (and  subsequently  sn  alr-to- 
alr)  environment.  Using  this  approach  K  Is  anttolpatsd  that  the  MMAJV  programme  will  provide  an  Invaluable  contribu¬ 
tion  towards  the  development,  sssssimsnt  and  pilot  Integration  ol  sopnlstloated  and  Integrated  systems  suoh  as  the 
Mission  Management  Aid, 
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Summary 

The  ability  to  direct  attention  toward  far  vieual  space  while  main¬ 
taining  good  epetial  orientation  la  imperative  for  pllota  of  hlgh- 
performanoe  fighter  alreraft.  In  actuality,  thie  teak  ie  quite 
■iailar  to  that  performed  during  euch  everyday  activitiaa  aa 
reaching  and  loeoestlon.  A  theoretical  analytic  of  the  three-dimen¬ 
sional  (3-D)  atruoture  of  vieual  attention  and  ite  Involvement  in 
normal  perceptual  activitiaa  laada  to  the  oonclueion  that  far  atten¬ 
tion  la  a)  biased  toward  the  upper  right  vieual  field,  b)  aaaooiated 
with  eaoeadio  (canning  confined  to  the  central  Id  degreaa  of  the 
viauel  field,  end  c)  primarily  utiliaed  in  performing  "local"  per¬ 
ceptual  proceaeee-  In  properly  daeigned  aircraft  diaplaya,  then, 
far  attention  can  be  encouraged  both  by  reatrloting  local  peroeptual 
analyeee  to  certain  regione  of  tha  viauel  field,  and  by  enabling 
attitule  control  to  be  performed  uaing  more  "global"  (ambient) 
mechan lame • 


Introduction 


The  conatant  need  to  traneition  between  tha  near  (cockpit)  and  far  (out-the-window) 
environment*  hae  hietorically  poaad  one  of  the  moat  eerioua  ohallangea—  both  from  an 
optionl  and  attentionel  perspective-- facing  pilot*.  The  major  "near"  taak  ia  to  perform 
the  inetrunent  oroee-oheck,  primarily  to  maintain  proper  aircraft  orientation,  while  im¬ 
portant  "far"  taaka  include  takeoff  and  landing,  clearing,  lead  contact,  and  target  ac- 
quiaition.  Until  recently,  the  traneition  prooaaa  waa  mad*  eapeeially  difficult  baoaua* 
both  the  pilot1*  attentional  and  optical  fooi  were  forced  inward  by  the  need  to  maintain 
epetial  orientation  via  proximal  aockpit  inxtrumenta.  Two  dleplay  concept*  have 
attempted  to  alleviate  the  traneition  problem  the  head-up  dlaplay  (HUD)  and  tha  wide 
field -of-view  (WfOV)  attitude  indicator.  The  firat  of  thea*  ie  deeigned  to  promote  a 
far  vieual  fooua  by  preaanting  primary  flight  information  (attitude,  alrepead,  alti¬ 
tude)  on  a  aee-through  dieplay  located  at  optloel  infinity.  The  aecond  approach, 
typified  by  tha  Peripheral  viaion  Dlaplay  [13,  ia  daaignad  to  facilitate  the  uaa  of 
"ambient"  raaourcee  to  maintain  attitude  control,  thereby  allowing  the  pilot'*  optical 
and  attantional  foci  to  be  directed  diatelly, 

Unfortunately,  neither  of  tha  above  approach**  hae  been  entirely  auaceaeful  in 
aolving  the  traneition  problem,  Plrat,  the  HUD  do* a  not  produce  an  optioal  fooua 
directed  at  infinity  r.33,  nor  doe*  it  alwaye  reeult  in  a  diatal  attantional  fooua  [33- 
■avaral  reaaona  have  been  put  forth  ae  to  why  pilots'  accommodation  remain*  in  the 
vicinity  of  the  aircraft  during  HUD  viewing  [3,33,  including  the  HUD* a  bold  aymbology 
(which  can  be  seen  even  if  accommodation  ia  elightly  displaced  inward)  and  the  effect* 
of  tha  HUD  frame  and  windecrean  image*  (which  ere  not  at  optioal  infinity  and  may  trap 
tha  pilot1*  accommodation  at  a  reduced  optloel  diatenca),  Also,  occlusion  and  parallax 
aues  clearly  create  tha  percept  that  the  HUD  is  much  cloear  to  the  pilot  than  ia  the 
outside  world,  finally,  the  failure  of  current  HUD  aymbologiea  to  allow  the  pilot  to 
peraaive  orientation  ambiently  [4, S3  may  fore*  his  attantional  fooua  to  be  deployed  much 
oloaer  to  the  cockpit  than  to  the  outside  world ,  This  ia  important  ainca,  while 
attending  to  s  fovsated  target,  ws  ignore  what  is  psresivsd  to  be  the  background  avsn 
when  it  ia  in  the  asm*  optical  plan*  [6], 

On  tha  other  hand,  most  conventional  wide  wrov  attitul*  dieplay*  have  proven  to  be 
uneoaeptabl*  due  to  aockpit  physical  constraint*,  at  illustrated  by  recent  flight  teats 
of  tha  Peripheral  Vision  Davie*  [73  >  Many  of  the  physical  restrictions  may  be  allevi¬ 
ated  by  the  ua*  of  halmat-mountad  displeya  (HMDs),  which  can  preiant  WfOV  attitude 
aymbologiea  in  a  relatively  smell  phyalaal  eras,  as  well  ae  an  optical-infinity  eym- 
bology  fra*  of  "frame"  effect*,  tut,  even  HMD  technology  may  not  completely  eolv*  the 
transition  problem  without  proper  eymbolngy  design, 


In  addition  to  optical  refinement*,  than,  a  solution  to  the  traneition  problem  may 
require  a  theoretical  understanding  of  how  naer  and  far  attention  ere  ordinarily  de¬ 
ployed  during  everyday  task*  euch  ae  reaching  and  locomotion.  The  differences  between 
naer  end  far  visual  perception  nay  porhnp*  be  beet  understood  in  tha  context  of  tha 
"focal-talent"  distinction  U3>  for  instance,  humane  and  other  primate*  generally 
fixate  and  estreh  for  object*  located  in  extrepereonel  space  using  focal -mode  proo- 
•stlng,  while  continuing  to  moniker  reaching  and  loaomotory  behaviors  in  or  near 
petlbetaonal  (viauoaotor)  epee*  in  *  more  web lent  mode.  Contrary  to  popular  belief, 
amen  ambient  processing  (especially  during  raienlng)  ie  performed  within  the  central 
vieual  field  at  near  disparities,  so  that  NfOV  attitude  dieplay*  may  not  be  necessary  In 
ordar  to  solve  the  traneition  problen,  Indeed,  it  i*  arguable  that  a  central  dieplay 


haa  almost  aa  great  in  affect  on  our  postural  control  a*  an  equal-area  peripheral  one 
[9].  Before  discussing  how  a  knowledge  of  near  ve.  far  viaual  prooeeaing  may  be  applied 
to  instrument  deaigni  the  nature  of  near  va.  far  viaual  prooeeaing  (and  their  aeaooiatad 
neural  substrates)  will  be  eummariaed  below. 

The  3-D  Structure  of  Viaual  Attention 

Meed  on  both  theoretical  CIS]  and  empirical  C 1 1 3  atudiasi  the  structure  of  viauo- 
spatiel  ettention  in  humane  may  be  moat  accurately  modeled  uelng  a  cubic  itructure. 
with  major  divisions  located  along  the  lateral  (left-right),  vertical  (uptown),  and 
depth  (near-far)  axel.  In  a  given  depth  plane,  the  fundamental  (and  arguably  the  moat 
efficiently  organised)  unit  of  spatial  attention  ia  the  quadrant,  with  attentional  fa¬ 
cilitation  felling  off  rapidly  in  both  the  vertical  and  lateral  direction!  C12].  The 
quadrant  (or  cubic)  itruoture  also  poaaeeaaa  an  ecologloal  validity,  aa  exemplified  by 
the  need  to  monitor  arm  and  hand  movements  in  a  specific  sector  of  the  viaual  field 
(l.e,,  the  lower,  contralateral,  proximal  visual  quadrant)  during  reaohlng, 

The  3-D  attentional  atruoture  manifest!  several  aniaotroplea  and  interdependencies, 
the  moat  important  of  which  ia  the  biaa  of  the  near  and  far  viaual  system!  toward  the 
lower  viaual  field  (DVr)  and  upper  viaual  field  (UVf),  respectively  (rig.  1).  The  blae 
of  the  near  system  toward  the  lower  visual  field  la  predicted  from  the  fact  that  pari- 
pereonal  (l.e.,  visuomotor)  spaas  is  almost  exclusively  confined  to  the  LVr  in  primatea. 
The  reverse  biaa  of  far  vision  toward  the  UVF  may  serve  to  counteract  the  LVr  blae  of 
the  near  system,  ao  aa  to  prevent  serious  attentional  and  ocular  biases  from  occurring. 
Indeed,  it  has  recently  been  ahovm  that  divergence  and  aonvarganse  accompany  movement  of 
the  eyes  into  the  UVr  and  LVr,  respectively  [13].  These  tendenolaa  may  explain  why  the 
resting  state  of  accommodation  (which  ia  strongly  influenced  by  vergenca  state)  ia  near 
the  edge  of  paripersonal  apace  (id],  since  this  accommodative  distance  would  be 
associated  with  the  raatlng  state  of  the  eyes  at  a  neutral  elevation. 


fie ure  1.  The  hypothetical  3-D 
atruoture  of  visual  attention, 
showing  various  anisotropies 
aud  lntardepandeooies .  the 
shaded  erase  represent  the 
optiael  sac  tore  tor  far  vision 
(uppar  right)  sad  user  vision 
(lowar  last)  la  aoat  humane. 

Tha  aiaa  aad  shape  of  individual 
oubio  regions  denote  ettentional 
anphneia  rather  than  aotual 
£h^siaal  area.  (Be produced  tram 


It  appears  that  LVr  and  UVf  processing  exhibit  many  of  the  peroeptuel  differences 
expected  of  regions  bieeed  toward  near  and  far  vieuel  apace,  ror  instance,  a  recant 
theoretical  review  (10]  concluded  that  DVf  processing  la  more  global  and  ambient  in 
nature,  corresponding  to  tha  feat  that  we  can  perform  various  viauomotor  teeka  (a.g., 
reaching  and  locomotion  through  viaual  terrain  iinmadiataly  in  front  of  ua)  in  tha  LVF 
without  aotual t y  devoting  a  greet  deal  of  fooel  attentional  raaouraas  to  them.  A  prin¬ 
cipal  reason  why  global  perception  la  aaaociatad  with  naar  vision  and  tha  LV1'  ia  that 
tha  images  of  tha  arm  and  hands  ars  frequently  optically  dagradad,  dua  to  tha  rapid 
motion  produoad  during  viauomotor  activities  and  tha  substantial  diplopia  and  miaaocom- 
modatlon  craatad  by  fixation  on  mora  distant  objects  (a.g.,  the  objeot  being  reached 
for).  In  turn,  this  optical  degradation  mandates  that  the  perception  of  form  end  motion 
in  near  vision  be  carried  out  vie  dlattibuted  processes  rather  than  analyies  of  iooal 
contours  (tea  rig.  2).  Conversely,  DVT  prooeeaing  ia  more  detailed  in  nature,  consilient 
with  tha  fact  that  images  in  far  vielon  era  typically  smaller,  slower  moving,  and  leee 
retlnally  disparate,  far  visual  processing  also  requires  fooel  visual  attention  to  e 
greeter  extent,  line*  many  eepeota  of  object  recognition  (a.g.,  feature  integration)  re¬ 
quire  substantial  ettentional  effort  [153. 

The  principal  oculomotor  systems  uted  in  peripereonal  spaoe  ere  pursuit  and  ver- 
genee,  with  tha  former  almost  always  being  accompanied  by  head  movements.  These  system* 
also  appear  to  be  biased  toward  the  LVr  (If, It].  By  contrast,  the  exploration  of  extra- 
personal  space  ia  achieved  by  mesne  of  sacead  le  ay*  movements,  which  ere  biased  toward 
tha  UVF  (17].  It  further  appear!  that  the  functional  visual  field  during  object  search 
in  extraperionel  space  is  limited  to  tha  central  IB  degrees,  which  also  constitutes  the 
boundary  for  moat  naturally  occurring  aeeeadee  [18],  especially  those  which  ere  not 
eacompanied  by  head  movemante. 
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Flaw  a.  maples  of  'load*  v«.  "global"  perception.  The  uull 
U  lii  "  (a)  and  tha  dlaka  and  llnai  in  (b)  require  local  contour 
analyaia,  whereas  tha  large  ■  la  (a)  and  tha  llluaory  triangle 
la  (b)  raqulra  that  global  correspondence*  be  achieved . 


Tha  difference*  between  near  and  far  vie  Ion  are  oorralated  with  iilffaranoea  batwaen 
tha  doraal  (ocoipito-parietal )  and  ventral  (ooeipito-tamporal )  pathway*  of  tha  primate 
viaual,  ayitam  (Fig.  3).  Tha  doraal  ayatam  ia  apacialiaad  for  prooaaaing  In  periparaonal 
apace  (a.g.,  global  perception,  viaually  guided  reaching*  purauit  and  varganoa  move¬ 
ment*,  eta.),  and  ita  neuronal  racaptiva  fiatda  ar*  biaaad  toward  croaaed  (near)  diapar- 
itiaa  [103.  Tha  doraal  ayatam  i*  alto  dominant  in  vaatibular  prooaaaing,  on*  of  tha  moat 
important  aouroat  of  information  concerning  the  poaitlon  of  our  head  and  body  in  apace. 
In  turn,  thia  vaatibular  apeoialiaation  may  account  for  tha  parietal  lob*'*  greater  rola 
in  apatial  oriantation  and  viaually  guidad  agolocomotion  [19, 30].  given  tha  above  func¬ 
tional  rolaa,  it  ia  not  aurpriaing  that  tha  attantlonal  ayatam  mediated  by  tha  doraal 
ayatem  ia  biaaad  toward  tha  LVF  and  periparaonal  apace,  baaed  on  an  analyaia  of  tha 
"neglect"  ayndrom*  [19,21]. 


Figure  3.  Tha  hypothetical  repre¬ 
sentation  of  near  and  far  viaual 
prooaaaing  in  tha  miwita  brain. 
Tha  doraal  ayatan  ia  a)  involved 
with  near  viaion,  b)  apacialiaad 
for  global/anbiant  prooaaaing,  and 
o)  biaaad  toward  tha  LVF.  Tha 
ventral  ayataa  ia  a)  involved  with 
far  viaion,  b)  apacialiaad  for 
looal/fooal  prooaaaing,  and  o) 
■lightly  biaaad  toward  tha  UVF. 

Tha  "LVF*  and  "UVF*  aaxkinga 
indlaata  tha  rapraaantationi  of 
thnaa  region*  in  priaary  viaual 
cor  tea. 


Ccnvaraaly,  tha  ventral  ayatam  ia  apacialiaad  for  prooaaaing  in  axttapareonal 
apace--*. g,,  viaual  aaarch,  local  perceptual  function*,  color  analyaia,  and  object  and 
facial  recognition  [10].  Ita  neuronal  receptive  flelda  virtually  always  include  tha 
fovea,  ar*  dependant  on  tha  animal1*  eantar-of-gaia,  and  poaaaaa  narrow  diaparity  tuning 
centered  around  the  plena  of  fixation.  In  contrait  to  tha  attantlonal  neglect  which 
raaulta  from  parietal  lobe  damage,  tha  ventral  ayatam  ia  hypothaaiiad  to  exhibit  a 
ravaraa  attantlonal  biaa  toward  tha  UVF  [10], 

In  moat  humane,  near  and  far  viaual  epao*  may  ba  further  aubdividad  into  tha  right 
and  laft  hemiapheraa.  Thia  may  explain  why  tha  right  hemiaphere  uaaa  a  more  global 
proceeding  atratagy  than  dooa  tha  laft  ona  [22].  Thera  ia  much  evidence  auggaating  that 
the  laft  hamiapher*  ia  apaoialiaad  for  viaual  aaarch  and  object  recognition  in  extra* 
paraonal  apac*  [23],  while  tha  right  hamiaphara  ia  more  crucial  for  vaatibular  prooaaaing 
and  tha  periparaonal  attantlonal  ayatam  that  ia  biaaad  toward  the  LVF  [10].  [For 
example,  the  parietal  "neglect"  phenomenon  la  much  mere  frequently  anoountarad  following 
right-hamlapharia  damage  *24]).  Ilnoa  tha  laft  and  right  viaual  fialda  project  to  tha 
right  and  laft  hamlapharaa,  respectively,  tha  upper  right  viaual  field  may,  therefore,  be 
tha  moat  favored  looation  while  attending  to  far  viaion,  whereat  tha  lower  laft  quadrant 
may  ba  meat  oloaely  entwined  with  naer  viaion  (■**  Fig.  1), 

In  luminary,  near  and  far  viaual  prooaaaing  appear  to  ba  segregated  into  different 
naural  pathway*  and  hamlapharaa.  Qoraal  brain  region*  (aapaoially  on  tha  right  aide) 
involved  with  near  viaion  ar*  apaoialiiad  for  global  (ambient)  prooaaaing,  vaatibular 
functioning,  and  smooth  aya  movement*  biaaad  toward  tha  LVF.  Ccnvaraaly,  ventral  brain 


regions  (especially  on  the  left  (Ida)  dealing  with  far  vlalon  are  more  Involved  In  visu- 
al  eoarch,  object  recognition,  focal  attention  and  other  prooeaaae  biaaad  toward  the  UVF. 
The  implication!  of  the  above  dietinctione  for  cockpit  diaplay  daaign  will  be  diecueaad 
in  the  next  (action . 


Impl lcationa  of  3-D  Vlaual  Attention  for  Diaplay  Daaign 

Aa  mentioned  earlier,  the  fundamental  goal  of  coekpit  diaplay  teohnology  ahould  be 
to  allow  pilot*  to  direct  attention  dietally  while  maintaining  good  apatial  orientation. 
Baaed  on  the  foregoing  analyaie.  verioue  daaign  faaturaa  that  may  facilitate  thia  inter¬ 
action  are  deacribed  below.  Thaaa  are  eepecially  applicable  to  HUD*  and  HMD*,  whoae 
infinity  optica  are  explicitly  daaignad  to  promote  a  diatal  optical  focua. 

rirat,  dieplaye  ahould  be  arranged  in  a  quadrant  format,  aa  befitt  the  3-D  atruotura 
of  vlaual  attention.  Thoaa  typea  of  information  which  muat  be  frequently  oheokad  and 
whoae  prooaaaing  requirea  focal  attantional  raaouroaa  (i.e.,  altimeter  and  airepeed 
read  Inga)  ahould  be  placed  in  tha  upper  quadranta,  ao  that  the  pilot  can  attend  to  them 
without  deatroying  hie  diatal  attantional  focua.  :t  ahould  be  noted  that  aueh  an 
arrangement  ia  violated  by  current  moving-tape  aoalea  on  the  F-ld  and  other  aircraft, 
which  extend  into  both  tha  UVf  and  Z,Vf.  Ideally,  the  moat  critical  information 
(altimeter  readinga)  ahould  be  placed  in  the  upper  right  quadrant,  where  far  viaion 
appeara  to  be  moet  etrongly  biased.  Thit  la  particularly  true  when  tho  manual  control 
of  altltula  (via  the  (tick)  ia  aeeigned  to  tha  right  hand,  in  order  to  taka  advantage  of 
additional  field-hand  compatibility  affaota  CIS]. 

Second,  critical  information  ahould  ba  limited  to  a  maximum  li-daa  radius  sur¬ 
rounding  tha  center  of  the  diaplay,  to  coincide  with  tha  boundary  o i  the  feature  search 
field .  (In  faot,  it  may  ba  dealrabla  to  reatrict  moet  focal  information  processing  to 
still  smaller  eacentrioitiee,  depending  on  the  alia  and  other  oharaotarlatioa  of  the 
alphanumeric  information  in  question . )  Beyond  19  degress,  human*  genarally  make  a 
combined  eye  and  head  movement  that  ie  uncharacteristic  of  our  far  visual  cyatami 
indeed,  combined  head-aye  movements  are  rarely  allotted  from  "far"  oculomotor  aoanning 
center*  such  ae  tha  auperior  oolliculua  in  prlmatea  C afl ] .  The  39-dag  diameter  ariterion 
ia  particularly  relevant  for  HMDa  that  are  physically  capable  of  presenting  alphanumeric 
information  at  much  greater  ecaentriaitias.  It  is  aleo  applicable  to  the  dimensions  of 
tha  overall  cockpit  Instrument  panel,  which  ourrently  exceed  this  limit,  one  way  to 
restrict  tha  tatter '•  expanse  i*  via  tha  use  of  several  properly  arranged  multifunction 
CRT  dieplaye. 

Third,  the  type  of  information  presented  to  pilot*  ehould  simulate  that  whlah  ie 
naturally  encountered- while  attend ing  to  far  visual  apace.  In  distal  apace,  wa  gener¬ 
ally  eae  smaller,  slower  moving,  colored  forma  rather  than  large,  rapidly  moving  images, 
and  thie  ie  tha  type  of  information  which  our  far  visual  eyetem  is  moat  adept  at 
prooaaaing  [193.  Thus,  altimeter  and  airspeed  display*  should  not  conta'n  a  greet  deal 
of  movament,  even  though  soma  "trend11  Indicator*  era  dealrabla.  The  ability  to  use  a 
combination  of  alphanumeric  information  (e.g..  in  the  upper  right  quadrant)  and 
motion/pictorial  ouaa  (e.g.,  in  the  lower  left  quadrant)  may  further  tep  into  different 
inter-  and  intra-hemiaphario  attantional  "pool*"  and  thereby  enhanoa  parallel  processing 
over  the  entire  diaplay  [373 • 

Fourth,  ambient  processing  of  apatial  orientation  information  may  be  encouraged 
either  by  placing  larae  attitude  display*  at  more  peripheral  retinal  aooentrloitlea  (ae 
ia  possible  for  HMDa ) , or  by  using  globe 1  perceptual  SymSoTogi**  in  central  viaion  (aa 
would  be  required  of  current  HUD*) .As  a iacusaad  earlier,  however,  a  conventional 
diaplay  that  ie  of  insufficient  total  area  may  not  promote  effective  attitude  control, 
even  if  presented  peripherally.  Indeed,  it  may  be  far  lees  salient  then  a  centrally 

?  resented  global  diaplay,  such  aa  tha  on*  ahown  in  Figure  4.  Thia  attitude 
ndioator— whiah  ie  defined  by  illusory  (global)  rather  than  aolld  (local)  oontours  and 
ia  especially  vivid  when  pieced  in  motlon-«e*»*mbles  current  he  ad -down  attitude  dieplaye 
that  era  genarally  superior  to  the  HUD  pitch-lvider  in  oonviying  attitude  information 
[43,  in  epita  of  their  email  alia,  It  alio  reaamblaa  tha  global  forma  that  are  beat 
proosaaed  by  tha  dorsal  visual  system  [19],  Despite  its  see-through  character  (neces¬ 
sary  for  HUD*  and  HMDa),  tha  global  attituda  indicator  ia  arguably  as  eaally  prooaasad 
aa  head-dovm  attitude  diaplay*  that  are  oompoaad  of  aolid  contours.  Certainly,  tha 
similarity  of  ita  shape  to  that  of  he  ad -down  attitude  balls  would  teoilltat*  positive 
transfer  between  HUD  and  instrument  panel  oroaaohscke. 


Tha  attituda  display  in  Figure  4  alio  illustrates  anothar  means  of  randarlng  the 
attitude  readout  more  ambient.  Thia  approach  ia  to  uat  thoaa  praattantiv*  cue*  which 
ordinarily  aid  ua  in  loeomotlng  along  the  ground  ((specially  in  t)i*  LVF  region  just 
outside  the  confine*  of  pariparaonal  apace),  luoh  ecoloaioallv  valid  cue*  Include 
relative  motion  flow,  ail*  and  orientation,  all  of  which  ere  valuable  in  extracting  the 
shape,  velocity  and  distance  of  objaota  agalnit  a  textured  background  [43.  Ideally,  a 
display  symbology  that  depict*  tha  aircraft'*  orientation  rilatlv*  to  the  ground  should 
render  the  latter  using  reel-world  cues  such  as  perspective,  ells  and  texture  gradients, 
natural  horiaoni,  and  motion  flow.  With  slight  modifications,  virtuslly  sll  of  these 
cuss  ean  be  included  on  current  HUD  pltoh-lsddsr  displays  without  compromising  their 
"ese-through"  quality  [43. 


W]g«  4.  A  'global*  attituda  dlaplay, 
fonts?  By  illusory  on  tours .  nils 
dlaplay  alto  illuatratae  good  pea- 
etteotive,  aoologieal  cueing, 
including  a  natural  horiaon,  par- 
apaotiTs,  and  alaa  and  taitura 
grad  lan  ta  I  notion  (low  not  shown). 

(Ha  prod  used  (ran  [«].) 


rlntlly,  a  knowlsdgs  of  how  tha  brain  proeaaaaa  eartain  typaa  of  information  aug- 
gasta  tha  typo  of  reference  trams  that  should  ba  inoorporatad  into  futura  attittfs 
di-piaya,  Aa  diaouaaad  aarliar,  tha  dorsal  visual  ay  a  tain  la  tha  sita  of  both  naar  visual 
procaa-aing  and  viauai-vaatibular  in  tar action  in  tha  brain*  Whlla  not  atriatly  linksd 
to  near  vision,  tha  vaatibular  aanas  aontributaa  to  many  viauomotor  activities  baoauaa 
of  ita  rola  in  signaling  tha  position  of  tha  body  and  haad  in  spaas*  As  such#  it  alio 
aarvaa  to  stabilise  tha  world,  for  without  vaatibular  input,  viaual  instability  and 
"flaldmlapandanoa*  aat  in  C3B],  Ivan  though  vaatibular  inputa  (and  dorsal  brain  araaa) 
era  uaad  to  infar  salt-motion  in  a  atabla  world,  tha  dspiotion  of  oriantational 
(attituda)  information  in  conventional  displays  aaaumaa  that  the  world  movea  around  a 
stationary  aircraft.  This  fundamental  incongruanoy  lias  at  tha  heart  of  tha  "inslde- 
out"  va.  “outaida-in"  controversy  [39],  Tha  inajda-out  perspective— standard  on  all  U8AF 
aircraft-- daplotn  a  stationary  aircraft  in  a  moving  world  (conforming  to  what  is 
transmitted  by  tha  retinal  image),  whereas  tha  outaida-in  parapactiva  depicts  a  moving 
airoraft  ralativa  to  a  stationary  world  (conforming  to  tha  pilot's  paroaptual 
experience) , 

Kvan  though  tha  attituda  Information  on  entrant  HUDa  supposedly  conforms  to  tha  imaga 
of  tha  outside  world  as  transmitted  by  tha  ratine,  wa  do  not  perceptually  atabillaa  it 
bscauaa  information  in  naar  vision  is  evidently  not  atabil  iaad  by  tha  vaatibular  system 
in  tha  same  way  that  far  visual  inputa  ara.  In  part,  this  ia  baoauaa  of  motion  parallax 
(i,a.,  velocity  differences  between  naar  and  far  objaota  during  haad  and  body  trans¬ 
lational,  but  it  also  derives  from  thn  obaarvation  that  vaatibular  inputa  ara  not  uaad 
to  atabillaa  small,  naar  objaota  that  ara  contained  in  vshiolaa  moving  with  ua.  This 
finding  can  ba  aaaily  demonstrated  in  tha  oculogravio  and  ooulogyrai  illusions,  in  whioh 
cockpit  imagaa  ara  pareaivad  to  move  in  tha  asms  direction  as  tha  illusory  self-motion 


Thus,  tha  "inuide-out"  perapaatlve  may  ba  at  fundamental  odds  with  tha  natural 
workings  of  our  ambient  viaual  ayatem,  oonaaquantly  directing  Important  focal  atten¬ 
tions!  rsaourcaa  toward  tha  attitvde  display  and  away  from  the  out-tha-world  environ¬ 
ment.  However,  tha  outaida-in  parapactiva  should  probably  ba  limited  to  tha  roll  axis, 
sinoat  a)  it  ia  phyaloally  difficult  to  dapiot  399  degress  of  pitch  in  a  small,  central 
diaplayi  b)  tasks  auch  as  weapon  delivery  and  landing  may  demand  mors  “conformality" 
with  tha  actual  ratinal  imaga  in  tha  pitch  axis,  aa  aircraft  roll  dots  not  affaot  tha 
ralativa  linaar  positioning  of  target  and  aircraft!  and  c)  tha  cutaida-in  parapactiva 
has  empirically  bean  shown  to  ba  mora  affective  for  roll  than  for  pitch  C3i 3 • 

Conclusions 

in  summary,  a  solution  to  tha  transition  problem  facing  pilots  may  11a  in  an  under¬ 
standing  of  tha  way  naar  and  far  paroaptual  and  neural  proeaaaaa  ara  normally  carried 
out  in  humana,  Tha  moat  important  olamanti  in  this  intaraction  ara  tha  blase*  of  naar 
and  far  viaual  attention  toward  the  UVF  and  LVT,  respectively,  and  the  different  typo* 
of  procaaaing  performed  in  thaaa  two  different  realm*-- globel/amblent  (naar)  v». 
local /focal  (far).  Based  on  a  theoretical  modal  of  3-D  attention  tha  following 
represent  important  guidelines  for  dirsoting  tha  pilot1!  attanf  n  toward  far  visual 
spaoa.  rirat,  primary  flight  dispi ays  should,  in  addition  to  bn  ,ng  oollimitad,  adopt  a 
quadrant  format,  with  important  alphanumeric  Information  (airspeed  and  altimeter  data) 
presented  above  tha  fixation  point.  Second,  all  alphanumeric  and  other  information 
requiring  “focal"  viaual  processing  should  ba  confined  to  tha  oantral  39  degress  in  order 
to  avoid  those  haad  movamanta  whioh  momentarily  disrupt  tha  pilot's  attantlonal  focus, 
and  should  not  ba  presented  using  substantial  motion.  Third,  attituda  displays  should 
tap  into  more  global  or  ambient  procaaaing  by  a)  requiring  Peripheral  viaual  rsaourcaa 
to  ba  uaad  whanavar  possible,  b)  using  a  global  format  whan  tha  dlaplay  ia  restricted  to 
oantral  vision,  o)  embracing  an  ecologically  valid,  praattantiva  cueing  format,  and  d) 
selecting  a  split  frame-of-rsterenae  (e,g.,  outside-ln  for  roll),  which  most  conforms  to 
tha  way  in  whioh  wa  perceptually  atabillaa  tha  far  viaual  world  . 

Prototype  displays  (originally  designed  for  HUDa)  whioh  adhere  to  thaaa  guidelines 
ara  ehovat  in  Figure  S.  Tha  quadrant  arrangamant,  ecological  cueing,  global  attitule 
format,  and  outside-in  frima-cf-rafaranea  for  roll  tra  all  apparent  in  thaaa  displays. 

In  many  important  raspaota,  however,  thaaa  displays  do  not  rtf icaily  depart  from  pravi 
out  ooncapti  or  even  currant  aymbologla*.  Preliminary  avidanoa  indicate*  that  tha 
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outaide-in  vmlon  of  that*  displays  comparss  favorably  to  othai  currant  and  prototype 
displays  in  terms  of  unusual  roll-attitude  recovery  [32],  and  that  thickened  negative 
pitch  linos  (simulating  site  gradients)  ara  particularly  affective  in  improving 
discrimination  of  positive  vs.  negative  pitch  attitudes  [33]. 


Figure  S.  Prototype  HUD  dieplaya  which  follow  the  guidelines  linted 
inteatT  A  full -forest  display  is  shown  in  (a),  while  a  declutterad 
one  is  shown  in  (b) •  (Sa produced  fros  [4].) 
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ABSTRACT 


Networked  date  systems  such  ne  JTID5  (Joint  Tactical  Information  Distribution  System)  promiae  a 
substantial  increase  in  the  amount  of  Information  available  to  aircrew  involved  in  elr  defence.  This 
will  Include  more  detailed  information  regarding  relative  heights  Df  hoatile  and  friendly  airborne 
unite*  Suwh  information  will  be  an  important  factor  in  BVR  (Eeyond  Viaual  Ranga)  air  dafanca 
engagement!  using  miaallea  auch  ae  AMRAAM  (Advanced  Medium  Range  Air  to  Air  Miaaila).  On  the  baaia  of 
psychological  theory  it  wan  predicted  that  a  perspective  display  format,  would  allow  a  greater  volume 
uf  situational  awareness  data  to  be  shown  intuitively  then  would  be  the  case  with  a  conventional  plan 
format.  Specifically  it  should  allow  Information  regarding  relative  height  to  be  more  anally 
comprehended. 

A  rnal  time,  cockpit  baaed,  air  defence  simulation  waa  used  to  compare  pilot  performance  ualng  a 
perspective  altuationel  awareness  display  with  parformance  with  an  equivalent  plan  view  display,  12 
subjects  were  instructed  to  attack  and  destroy  a  constantly  evading  target  aircraft  that  had  to  be 
distinguished  from  a  number  of  hoatile  aircraft.  Performance  mesaurse  allowed  that  subjects  had  more 
difficulty  in  learning  to  uea  the  perspective  display.  However  once  they  were  famllier  with  this  format 
their  results  ware  significantly  bettur  than  thoae  achieved  uaing  the  plan  display.  These  reaulte  are 
discussed  with  reference  to  requirements  for  elr  defence  dieplaya  In  general  end  networked  date 
displays 
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OOUNTERAIR  SITUATION  AWARENESS  DISPLAY 
FOR  ARMY  AVIATION 

Christopher  0.  Smyth,  Human  Feotoro  Engineer 
Prank  J.  Malkin,  ln|inaarlns  Psyohol ogl o t 
Wllllaml.  DaSalkia,  Human  Faators  Englnaar 
U.l,  Army  Labore.ory  Command 
Human  Engineering  Laboratory 
Abardaon  Provlnt  around,  Maryland.  3ifes-se»l 
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SUMMARY 

An  air  aombat  display  eoneapt  la  propoaad  lor  Army  aviation  halleoptar  oookplta,  Tho 
aflaata  at  tha  oholea  ol  tha  display  alaa,  ths  display  symbol  aits,  and  tha  araa  o 1  aovara|a 
as  a  oountarair  situation  awareness  display  ara  dlseussad.  Tha  display  shows  tha  traoka  of 
airoraft  about  tha  hoat  halleoptar  on  a  Planar  Position  Indloator  !PP1)  graph  via  tha  opan 
broadeaat  radio  not  of  tha  divlaion-wlda  air  dafanaa  radar  coverage.  Tha  display  la  usad  to 
alsrt  tha  aireraw  to  tha  prasanaa  of  airoraft  in  tha  araa  and  sua  to  tha  looatlon  of  anamy 
throats  for  tho  oountarair  rols. 

It  la  aonaludad  that  with  ths  rolatlvaly  small  display  alaaa  usad  in  hallaoptars,  an 
aeourata  datarmlnation  of  tha  position  of  anamy  throats  during  air-to-air  combat  oannot  ba 
mada  by  an  aviator  from  tha  PP1  alsna.  It  must  ba  intaraotiva  allowing  aoeasa  to  datailad 
information  about  a  track  of  intarast  to  ba  uaafui. 


INTRODUCTION 

In  aarly  1SS0,  tha  Army  lndloatad  a  naad  for  a  combined  arms  oountarair  approach  to 
accomplish  tha  traditional  air  dafanaa  mission.  In  tha  summer  of  1SSS,  tha  U.S,  Army 
Training  and  Doctrine  Command  (TRADOC)  renamed  tha  mission  araa  that  forms  tha  haals  for 
developing  air  dafanaa  doctrine,  training,  farsa  struotura,  and  material  to  tha  'Oountarair 
Mission  Arcs.'  Since  that  time,  tha  name  haa  boon  ohangad  to  tha  'Air  Dafanaa  Combined  Arms 
Initiative.'  Inoludad  in  tha  Combined  Arma  Initiative  ara  seven  primary  funotlonal  araasi 
Infantry,  armor,  aviation,  air  dafanaa  artillery,  field  artillery,  intelligence  and 
alaotronia  warfare,  and  command ,  control,  and  oommunloationa.  Air  dafanaa  artillery  (ADA) 
la  tha  key  player.  After  ADA,  tha  most  algnifiaant  contribution  will  coma  from  Army 
aviation. 

This  moans  that  Army  hallaoptars  will  engage  in  air-to-air  combat  operations  to  help 
defeat  tha  air  threat.  As  a  result,  tha  Army  intends  to  mount  Stinger  missiles  on  soma  of 
its  helicopters  currently  in  tha  inventory. 

It  is  envisioned  that  tho  Forward  Area  Air  Defense  Command,  Control,  and  Intelligence 
(FAAD  0*1)  syatem,  now  being  developed,  will  provide  tha  nat  required  to  link  together  ADA, 
aviation,  and  other  elements  of  the  Combined  Arms  Initiative.  Tha  key  information  to  be 
transmitted  is  the  relative  loaation  of  friendly  and  anamy  airoraft  in  tha  battle  araa. 

Those  hallaoptars  equipped  with  Stinger  missiles  will  require  a  cockpit  display  capable 
of  presenting  FAAD  sensor  data  to  the  airoraft.  Tha  information  displayed  is  tho  'air 
battle  picture'  as  provided  by  the  FAAD  sensors  via  ths  FAAD  0*1  syatem,  Tha  primary 
purpose  of  this  display  is  to  alert  and  cue  tha  aireraw  to  ths  prasanoa  and  relative 
looatlon  of  air  thraata  en  tha  battlefield.  The  display  can  also  ba  used  to  designate 
threats  as  targets  and  to  hand  over  targets  for  engagement. 

Heading,  airspeed,  and  altitude  data  ara  available  for  each  aircraft  on  tha  battlefield 
detected  by  the  FAAD  sensors.  In  addition,  bearing  and  range  from  our  own  airoraft  to  tha 
threat  aircraft  and  tha  time  to  first  launch  can  be  computed  by  on-board  processors. 


FURFOgg 

This  report  describes  tha  air  combat  display  analysis  oompleted  by  the  Aviation  Team  of 
the  Aviation  and  Air  Defense  Division  at  tha  U.I,  Army  Human  Engineering  Laboratory  (HEL)  at 
Aberdeen  graving  around,  Maryland.  It  addresses  tha  issues  of  providing  an  air  combat 
display  ter  Army  halieoptars.  Tha  work  was  in  support  of  an  ootebar  1  cm?  request  by  the 
U.i.  Army  Aviation  Center  (UEAAVNO)  of  HIL  to  examine  tha  issues  of  displaying  tha  FAAD 
sensor  data  in  tha  oeekpit  of  gtingar-equlppsd  halioeptsrs, 


lAOKonouac 

In  this  Motion  of  the  report,  we  deseribe  the  FAAD  0*1  system,  tha  air-to-air 
environment,  haliospters,  missions,  and  tha  beetles,  as  well  aa  the  role  ef  aviation  oemmand 
and  control,  and  the  situational  awareness  requirements . 


The  FAAD  fl*I  System 


The  automated  FAAD  0*1  system,  presently  being  developed,  will  consolidate  aircraft 
track  information  from  an  array  of  sensors  within  tha  division  area;  short  rang*  FAAD 
union  along  tha  forward  division  araa,  long  rang*,  high  altituda  Patriot  acquisition  radar 
sansors  in  tha  raar  Corp  aria,  and  tha  Air  Foraa'a  airborns  warning  and  control  system 
(AWACS)  Ths  oovarags  will  extend  ovar  ths  division's  forward  and  raar  araas,  and  bayond 
tha  division's  forward-lina-of “troops  (PLOT). 

Tha  Information  will  b*  oorralatad  and  aaah  track  olasslfltd  as  friendly,  antmy,  or 
unknown  according  toi  slaotronto  idsnti f ioatlon ,  friend  or  foe  (IFF),  aircraft  performance, 
known  friendly  flight  missions,  and  flight  pattsrns  and  aotions.  In  this  manner,  tha  FAAD 
system  will  distinguish  friendly  from  hostila  aircraft.  When  positive  identification  of 
friendly  or  hostile  aircraft  cannot  be  made,  tha  aircraft  is  categorised  aa  unknown.  Tha 
FAAD  sensors  can  also  differentiate  between  fixed-wing  and  rotary-wing  airaratt. 

Tha  resulting  aircraft  information  (track  location,  Identification,  wing  type,  number, 
apaad,  and  altituda)  la  to  be  broadcasted  periodical ly ,  along  with  air  battle  status 
conditions  and  alerts,  battlefield  geometry  on  an  open  net  to  tha  ADA  fire  units,  tha 
aviation  elements  including  ths  aviation  taotloal  operation  canters,  and  air-to-air  combat 
flight  elements. 

Situation  awareness  will  be  provided  to  the  pilots  of  all  Stinger  missile-equipped 
hellooptera  via  the  Enhanced  Position  Location  and  Deporting  System  (EFLP.B)  ,  This  system 
has  boon  selected  by  the  air  defense  community  to  provide  the  communication  link  for  the 
FAAD  0*1  network  (Oasper  and  Saceerba,  ISIS)  . 


Air-To-Air  Flight  Missions 

The  air-to-air  flight  missions  havo  not  been  fully  defined,  but  several  types  ars  being 
considered.  One  mission  would  be  as  mobile  air  defense  elements  helping  to  defend  division 
assets  against  enemy  hellaopter  strikes  behind  the  PLOT.  In  this  case,  an  air-to-air  flight 
element  would  be  vsotored  by  the  battalion's  air  battle  management  officer  to  intercept  tha 
strike  possibly  in  conjunction  with  ground  ADA  elements. 

Another  task  for  an  air-to-air  team  would  be  aa  escort  for  any  of  the  standard 
helicopter  mlssionsi  aerial  observation  to  observe  and  direot  fire  support  as  well  aa 
gather  and  report  intelligence  information,  anti-armor  strikes,  air  assault  troop  insertions 
and  evaouationa,  and  any  air  movement  operations  to  relocate  personnel,  supplies,  and 
equipment.  The  development  of  air-to-air  aetaok  helicopters  by  the  Warsaw  Paot  nations 
neeessitates  tha  development  of  assort  teetics  for  defense  of  these  missions, 


Air-To-Air  Combat  Helicopters 

The  Army  la  considering  two  helicopters  in  the  current  inventory  for  the  near  term  air- 
to-air  rolet  the  OH-BID,  and  ths  AH-BA  Apache.  The  aircrafts  would  be  fitted  with  Stinger 
heat-seeking  missiles  (Philips,  1B8I).  A  prototype  version  of  the  AK-B4A  gun  system, 
coupled  to  a  helmet-mounted  display,  is  beln  devel  ,ied  for  close-in  air-to-air  oombat 
(luresh ,  Parller,  and  Wilson,  1SII)  . 

The  Army  la  developing  tha  lightweight,  multifunctional,  high  performance,  experimental 
(LHX) ,  soout/attaek  assault  (BOAT)  helicopter  aeries.  One  version  is  expected  to  be  an 
advanaad  counterair  fighter  equipped  with  an  early  warning  system,  a  situation  awareness 
digital  map  display,  and  air-to-air  f Ire-and-forget  missiles, 

other  helicopter  models  bslng  modified  or  developed  for  the  escort  role  by  NATO  forces 
are  the  Prenoh  Army's  Gaaelles  and  their  successor,  the  Helicopters  d ' Appul -Protect  1  on  (HAP) 
version  of  the  Franco-German  oombat  helicopter,  and  ths  German  Army's  planned  BIH-1  (version 
B01SB)  tor  escort  end  anti-helicopter  duties  (da  Briganti,  1BBB1 . 

The  lovlet  Mil  MI-34  Hind-1  assault  helicopter,  employed  by  the  Warsaw  Past  nations,  is 
reported  to  have  an  air-to-air  capability  (Harvey,  IBID.  The  1111  MI-31  Havoc  and  ths 
projeabed  high-speed  Kamov  Hokum  under  development  by  the  Soviets  ars  reported  to  be  air 
oombat  helicopters,  designed  especially  to  sheet  down  the  U.B,  AH-S4  Apache  attaek 
helicopters  because  of  their  estimated  IB  tanka  to  one  helicopter  kill  ratio  (Barber,  1 067) . 


Air-To-Air  Combat  Invlronment 

The  essential  features  of  oembat  between  helicopters  nan  be  abstraeted  from  known 
experiments  and  simulations.  The  U.l.  Marine  Corps'  Aviation  and  Tactics  Squadron  Mo.  1  and 
the  Utah  Army  National  Guard  Attack  Helicopter  Troop  of  tha  113rd  Armored  Cavalry  Regiment, 
participate  twice  a  year  in  alr-tc-air  combat  training  exereissa  using  Sell  AK-1  Dobra 
gunships  equipped  with  AIM-9  Sidewinder  heat-seeking  missiles  (Barber,  I  BBT i  Toler ,  1017 1 , 

In  lurope,  the  French  Army's  Light  Air  Arm  (ALAT)  has  been  studying  air-to-air  oombat  tor 
several  years  using  their  Gaaelles  squadrons  equipped  with  3B-mm  cannon  and  Mistral  mieiilei 
(Qannet,  1331), 

One  lesson  learned  from  theae  exersisos  is  that  air-to-air  oombat  will  be  dominated  by 
the  terrain  which  influences  the  flight  patterns,  ths  intorvlsibility,  an-  the  Infrared 
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elgnatura.  The  combating  holiooptora  will  b*  forced  to  tip  nep-of -the-earth  (NOD  to  poduao 
detootion  «nd  hootllo  lire.  Tho  NATO  force!  fly  ilowly  and  close  to  tho  ground,  making 
hm 1 bub  ul>  oi  terrain  and  vogotBtlon  eovor  ao  aa  not  to  ba  aaan .  In  controat,  tha  Warsaw 
Pact  forces  tar,d  to  fly  faat  while  hugging  tha  tarraln  oentoupa,  ualng  thalr  apaad  to  attain 
auppriaa.  Tho  aotual  apaad  at  whieh  tho  aircraft  maneuvers  will  dapand  on  tha  tarraln.  A 
alow  apaad  would  ho  maintained  ovar  hilly  country  with  danaa  foraati  aaxlaua  apaad  atuld  ba 
attained  ovar  flat,  faaturalaaa  daaart.  Caution  would  ba  naeaaaary  in  pountainoua  country 
(Oannat ,  10«t) . 

Tha  maximum  range  at  which  oneay  halieaptara  can  be  viaually  datactad  dapanda  upon  tha 
terrain,  lighting  canditlana,  halicoptar  aiaa,  and  the  optica  uaad.  Tha  detection  range  la 
farther  for  an  aviater  who  haa  boon  alerted  and  ouad  to  tha  location  01  tha  opp'iaing 
aircraft,  thin  tha  range  far  an  aviator  aerely  aaarching  for  opponanta.  Tha  o'* -it ion  of  a 
aituational  awareneer  diaplay  to  tha  cockpit  alarta  tha  aviater  and  cuea  hia  tha 
diraetion  to  aaarah  for  the  target.  It  la  by  facing  tha  probable  direction  pproaah  of 

the  enemy  that  an  aviator  oan  hope  to  aaa  tha  anoay  before  being  aaan  (Oannat  (g!) . 

Tha  aviator  who  detoota  hia  advaraary  firat,  control!  tha  engaganent.  Aa  atrtad  by 
Oannat  (10(g) ,  ‘Ha  haa  tha  oholoe  of  bringing  hia  weapon  to  bear  and  firing  aa  aoon  aa  ha  la 
within  rangai  or  of  cloning  tha  range  atill  further  and  opening  fire  only  whan  tha  anoay, 
finally  detecting  hia.  bagina  to  train  hia  own  waaponi  or  of  awaking  hiaaalf  behind  tarraln 
and  than  eheoaing  whether  to  avoid  eoabat,  wait  in  ambush  or  maneuver  into  tha  eneay'a 
roar. 1 


Onoa  tha  aviator  haa  identified  tha  oppoaing  helicopter  aa  hoatila,  ha  auat  auinuavar 
hia  aircraft  to  bring  tha  enemy  into  tha  lethal  tone  of  hia  weapon  system.  The  choice  by 
tha  U.S.  Army  of  Itlnger  haat-aaaking  mlaallas  aa  offanalva  waapena  llnita  tho  lethal  aona. 
Tha  haat-aaaking  alaaile  haa  a  pra-launoh  delay  which  aay  prevent  tiring  whan  fighting  low 
flying  halieaptara  in  brokan  terrain.  Furthermore,  there  ia  a  minimum  range  below  which  tha 
alaaile  will  not  aanuavar.  Tha  aicalla  require!  high  infrared  radiation  froa  tha  target  in 
order  to  allow  look-on  at  long  range  (Oannat,  10lt) .  For  thaaa  raaaona,  tha  pilot  auat 
aalaet  hia  approach,  eapeoially  in  brokan  tarraln,  and  have  tha  anaay  in  aight  at  a  range  to 
auffioiantly  activate  and  fire  tha  niaaile. 

Tha  evidence  auggaata  that  a  ‘dogfight*  aeenerlo  involving  aerobatic  flight  between  two 
oppoaing  he’iooptars  ia  impractical.  Halieaptara  will  face  aavaral  threat!  alaultanooualy , 
including  air  defonee  artillery  and  fiKad-wing  aircraft  aa  wall  aa  other  hallnrptrra. 

■leaking  aanauvara  will  ba  aora  practical  than  aerobatics  ovar  tha  turopaan  terrain  (da 
Irlgantl ,  lull) . 


Coaaaand  and  Control 

Tha  proper  utiliaatlon  of  ooauaand ,  control,  and  intelligence  la  naeaaaary  for  winning 
tna  air  battle.  Tha  aanauvar  commander  auat  aatabllah  engagement  measures  agalnat  threat 
hellcrptere  and  detaralna  target  prioritiaa  within  hia  aactor.  Tha  air  dafanaa  officer  will 
ba  receiving  threat  aerial  target  infornation  from  the  FAAD  0*1  network.  It  ahould  ba  tha 
reaponalbility  of  tha  air  dafanaa  officer  at  a  canter  leoatlen  and  level  of  command, 
peaaibly  tha  maneuver  brigade  commandor'a  tactical  eparatlona  canter  (TOO),  to  categorise 
and  prioritiaa  the  intelligence  information  raeaivad  from  tha  FAAD  C*I  network  aa  that  tha 
aanauvar  aomnander  can  make  tha  right  daoiaion. 

In  tha  oaaa  of  aerial  threat,  tha  aanauvar  coauaandar  could  redirect  an  operationally 
control  lad  attack  helicopter  unit  from  killing  tanka  to  engaging  tha  enemy  haliooptara, 

Onoe  tha  order  la  received  to  puraua  an  air  oombat  role,  tha  attack  hellaopter  unit 
commander  could  direct  all  aircraft  to  monitor  tha  air  dafanaa  net,  thua  allowing  evoryone 
in  tha  flight  to  maintain  aituational  awaranaaa  and  tha  capability  to  receive  cueing.  Tha 
aviation  oeamander  would  maintain  hia  ooauaand  and  control  on  tha  unlt’a  internal 
communication!  network  (Caapar  and  Naeaarba,  10(1) . 


tituatlonal  Awaranaaa  Diaplay  Hequlrementa 

The  combat  aviator  dapanda  on  tha  aituational  awaranaaa  diaplay  to  provide  information 
of  value  on  tha  taetioal  atata-of -tha-thraat  environment  and  hia  apatial  orientation  and 
yoaition  In  that  environment.  Tha  diaplay  auat  provlda  .information  in  a  format  that  ia 
uaaful  to  tha  aviator  at  oaoh  ataga  of  target  engagement)  alerting,  cueing,  target 
eeleetion,  aalaetlon  of  fire  paaitlona,  target  acquisition,  identification,  and  engage  fire. 
Tha  alerting  and  cueing  are  performed  on  tha  diaplay,  parhapa  in  conjunction  with  tha 
aviation  command  end  oontrol  net.  Target  aalaetlon  la  made  from  tha  diaplay  or  dlotated  by 
command . 

Tha  eeleetion  of  firing  poaltlond  during  tha  combat  miaalon  involvoa  many  faetera.  Tha 
aviator  auat  eonaider  tha  threat  (weapon!,  radan,  number  of  threat!),  intarviaibllitlea  to 
tha  threat,  availability  of  tarraln  maaklng,  weather,  diatanoa,  fuel  available,  and 
Ingriea/egraaa  routaa.  Tha  target  acquisition  ia  a  viaual  prooaaa  whioh  orient!  tha  aviator 
to  the  target  tree  tha  diaplay.  Identlf icatic-i  and  engage  fire  follow  viaual  acquialtlon. 
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DUMMY  ANALYSIS 

In  this  portion  of  tho  roport,  w*  describe  A  multifunctional  aathode-ray  tub*  (OFT) 
oombat  display  oona*pt  for  Army  air-to-air  combat  h*)ieopt*rs.  W*  oonslder  two  display 
formats!  (1)  a  far  distanoa  display  for  al*rtin|  and  cueing,  and  (3)  a  mar  distanao  format 
far  target  sslsotion  and  acquisition. 


Display  Inferaation  Baqulrement* 

Ocncral 

AS  nsntionsd  previously,  th*  information  displayed  is  the  ‘air  battle  piotur*'  a* 
provided  by  the  FAjU)  sensors  via  the  PAAD  0*1  syeten.  The  primary  purpose  of  this  display 
is  to  alert  and  ou*  the  aircrew  of  the  presence  and  relative  location  of  air  threats  on  the 
battlefield.  In  addition,  the  display  can  be  ua.td  te  deailnata  threats  as  targets  and  to 
hand  over  targets  for  engagement, 

Heading,  airspeed,  and  altitude  inferaation  is  available  for  eaoh  airoraft  on  the 
battlefield  detected  by  th*  PAAS  sensors.  In  addition,  bearing  and  rang*  from  our  own 
airoraft  te  th*  threat  airoraft  and  th*  time  to  first  launch  ean  b*  aomputod, 


Symbology 

On*  of  th*  earliest  questions  beoaae  th*  selection  of  symbology  to  represent  th* 
verlous  airoraft  on  th*  battlefield.  Th*  PAAD  sensors  oan  differentiate  between  fined-wing 
ai.d  rotary-wing  airoraft.  To  a  degree,  th*  sensors  oan  also  distinguish  friendly  from 
hostile  airoraft,  When  positive  identif ieation  of  friendly  or  hostile  airoraft  oannot  be 
made,  th*  airoraft  is  aategorlasd  as  unknown,  Therefore,  symbols  representing  frleidly, 
hostile,  and  unknown  airoraft  as  well  aa  fixed-  and  rotary-wing  airoraft  are  requlrod. 
Symbology  for  this  purpose  1*  already  in  us*  by  th*  air  defense  aommunity  and  is  published 
in  DoD-STD- 1477  (Department  of  Defense,  18S3) ,  Th*  decision  was  made  te  us*  th*  symbology 
in  DoD-STD-1477  aa  a  baseline  to  determine  its  suitability  for  a  oookpit  display.  Tho 
symbology  will  be  discussed  in  the  Air  Oombat  Display  Oonoept  section  of  this  report. 


Area  Of  Coverage 

The  question  about  the  area  of  coverage  asks,  if  we  have  a  oookpit  display  in  whioh  the 
‘own  airoraft'  symbol  la  located  in  th*  center,  what  radius  or  rang*  from  th*  center  should 
be  displayed?  Th*  answer  is  related  to  th*  requirements  for  timely  alerting  and  cueing.  To 
determine  the  area  of  coverage  suitable  for  helicopter  applications,  an  analysis  of  a 
selected  mission  scenario  was  conducted.  The  results  of  this  analysis  are  presented  in  th* 
Approaoh  section  of  this  report. 


Display  Hardware  Characteristics 

Display  sis*  and  resolution  determine  th*  *f f eativeness  of  providing  meaningful 
alerting  and  auelng  information.  Because  of  the  limited  cockpit  panel  spao*  available  in  a 
helicopter,  four  display  sties  <ir*  considered  in  that  section!  (l)  a  S-by-3-lnch  display, 
(3)  a  S-by-B-inoh  display,  (1)  a  T-by-7-lnoh  display,  and  it)  a  fl-by-D-inoh  display.  Th* 
resolutions  considered  fer  these  display  sises  are  38  raster  lines  per  inoh,  appropriate  for 
7-by-S-font  alphanumeric  characters,  and  St  raster  lines  per  inch,  appropriate  for  detailed 
map  graphics.  These  issues  are  discussed  in  greater  detail  in  th*  Approaoh  section. 


Soldier-Maahln*  Interface 

Per  either  of  th*  displays  Just  mentioned,  provisions  and  procedures  must  be  developed 
that  allow  th*  crewmembers  to  interact  with  th*  air  eoabat  functions  of  the  display.  Th* 
displays  are  used  tor  multiple  funetiens,  and  it  is  Important  that  the  time  end  attention 
required  of  th*  arew  to  interact  with  th*  display  be  kept  to  a  minimum.  Th*  soldier-maahine 
interface  was  given  only  aursory  attention  during  this  effort  because  th*  primary  emphasis 
was  on  developing  th*  display  oontent. 


ANALYTICAL  APPIOACH 

This  section  describes  th*  appreaoh  taken  to  address  th*  Issues  ef  area  ef  coverage  and 
symbol  sis*  and  its  effect  on  th*  display  as  an  alerting  and  oueing  aid. 


Display  Area  ef  Coverage 

To  properly  alert  end  cue  th*  air-to-air  aviator  to  th*  looation  of  th*  enemy 
helicopters,  a  proper  area  of  coverage  is  needed,  Th*  display  should  ou*  th*  aviator  far 
enough  in  advene*  so  that  he  has  enough  tin*  to  select  his  firing  position  and  maneuver  te 
that  position  before  th*  enemy  reaches  it.  This  analysis  is  based  en  a  worst  oase  scenario 
in  ediich  friendly  anti-armor  helicopters  are  assumed  to  bs  engaging  a  nolumn  of  enemy  tank*. 


IK'S 


A  flight  of  onoay  hollaoptori  to  dlopotohod  to  provide  support  to  the  armored  column.  For 
thii  analysis,  It  to  assumed  that  tho  onoay  hollooptoro  oro  contour  flying  at  o  opood  of  It* 
knot*.  It  is  olio  ooouaod  that  a  friendly  air-to-air  holieeptor  team,  arsed  alth  air-to-air 
aiogiloo,  li  providing  cover  for  the  helloeptere  attaoking  the  tanke  and  that  the  air-to-air 
helieopten  will  maneuver  nap-of -the-earth  at  a  opted  of  3>  knote  to  an  aabuoh  alto  S  km 
away  from  tho  tank  ooluan  to  intorcept  the  approaching  enemy  heliooptero  at  a  t-km  otand-otf 
rang*.  At  at  knote,  it  will  take  8,4  ainutea  to  reaoh  the  aabuah  alto.  In  8.4  ainuteo,  the 
enemy  heliooptero  travel  3*  km,  When  the  t-ka  dletanee  to  the  aabueh  alto  and  the  B-km 
otand-otf  range  are  added  to  the  3*  ka,  It  neaulta  in  the  friendly  helicopter!  requiring  a 
4d-km  alerting  in  order  to  roapond,  aaneuver  to  the  aabueh  alto,  and  engage  the  enemy 
haliaoptera.  Baaed  an  this  woret  oaoe  analyaia,  an  air  oombat  display  with  ,-ur  own  airoraft 
eymbol  laeatod  in  the- center  ahould  provide  at  laaat  a  tf-ka  radlua  (BS-by-Bt-km  area  of 
coverage).  Par  thia  particular  aiealon  eoenarlo,  any  emallor  range  would  net  provide 
alerting  aeon  enough  tor  the  friendly  helioopter  ferae  to  react  end  aabuah  the  hoatlle 
helicopter  force. 

Thia  alaalon  eoenarlo  requires  that  autfietont  time  be  allotted  tor  the  friendly  cover 
feroe  to  awneuvor  to  an  aabuah  alto  8  ka  away  to  keep  the  threat  hellooptera  out  of 
engageaent  range  of  the  friendly  anti-araor  heliooptero.  Compared  to  other  air  oombat 
operatiena  in  which  attaek  poaitiona  are  predetermined  (Department  ef  the  Army,  1333)  ,  it 
appeara  that  thia  typa  of  aiaaion  requires  maximum  alerting  tisws  and  diateneee. 

tlghty-by-elghty  kilometera  ia  a  large  area  to  preaent  on  the  amell  dlapley  aurfaeea 
available  In  Army  helloeptere.  Obvioualy,  if  the  opeed  of  the  enemy  hellooptera  lo  olower 
or  the  apeod  ef  tho  friendly  haliaoptera  ia  factor,  the  diatance  traveled  by  the  enemy 
helieoptara  docroaaea  and  the  diaplay  area  of  coverage  can  be  deoreaced.  The  alrapoode  for 
the  helicopter  were  selected  booed  on  known  threat  and  friendly  taotloa  and  doatrlne.  The 
oeloated  threat  airspeed  ia  at  the  high  and  ef  the  range  end  the  aeleeted  friendly  airspeed 
ia  at  the  lower  and  providing  a  woret  ease  scenario,  Table  1  ahowa  the  affect  of  lnoraaaing 
or  decroaaing  tho  apeod  ef  the  friendly  heliaepter  ferae. 


Tab It  1 

Diaplay  Area  of  Coverage 


Priendly 

Hoe  tile 

Helioopter  Porce 

Xelieopter  Force 

Airspeed 

Plight  Time 

Plight  Distance 

Display  Area 

(Knots) 

(Minutes) 

(Xileaetera) 

(Kilometers! 

a« 

8.1 

48. 8 

lid  x  118 

38 

B.4 

38.8 

t(  x  38 

48 

4.1 

33.3 

th  X  BE 

In  the  remainder  ef  thia  report,  we  aacuae  that  an  appropriate  else  for  the  target 
aoquiaitlen  diaplay  la  a  JC-km  aquare.  The  aoloetion  dieplaya  a  13-km  radlua  area  about  the 
boat  helioopter.  The  air-to-air  combat  aviator  can  aeo  the  traeka  within  the  noainal  t-ka 
engagement  range  of  hie  miaellea,  He  also  sees  the  airoraft  approaching  hia  immediate  area 
in  t lac  to  take  defensive  action.  This  is  the  choice  selected  by  the  UIAAVNO,  and  reflects 
the  opinion  of  meat  helicopter  pilots  we  interviewed.  Aa  determined  from  the  analysis 
above,  however,  the  area  may  be  too  small  (or  the  aviator  to  have  sufficient  time  to  select 
hia  firing  position  and  to  manuever  to  that  position  during  the  alerting  and  cueing  phase  of 
combat, 


Display  gyabel  line 

Using  HI1,-HD>X-TBB  (Department  of  Defense,  18TB)  as  a  guide,  the  display  symbol  used  to 
represent  an  aircraft  track  should  subtend  at  least  a  33-ainute  viewing  era  at  the 
arewaeaber's  eye  in  order  to  read  the  symbol  and  modifiers,  Our  experience  has  been  that  a 
at-mlnute  sited  eymbol  would  be  preferred  by  aviators  in  the  high  teak  lsadinga  and 
vibratlena  ef  helicopter  flight.  The  nominal  viewing  diatance  froa  the  eye  of  the  pilot  to 
the  air  combat  display  on  the  panel  ef  moat  modern  helicopters  is  38  inches.  The  symbol 
alee  should  therefore  be  3/18-inah  by  3/ie-inah  squared, 


Symbol  Obscuration 

Table  8  shews  the  amount  ef  diaplay  area  that  the  symbol  overlays  or  obaeurac  for  the 
two  areas  of  coverage  and  the  four  diaplay  slats,  The  table  shews  the  3f-by-8g-km  and  the 
83-by-33-ka  areas  of  coverage.  The  display  aises  are  3  by  3  inches,  3  by  t  inches,  7  by  7 
inehca,  and  8  by  8  inches.  The  table  shews  that  the  symbol  can  overlay  from  a  #.88-km 
aquare  ef  diaplay  area  to  a  8,8*km  square  depending  an  the  area  of  coverage  and  diaplay 
site.  Thia  would  be  the  asMunt  ef  area  hidden  from  view  on  a  digital  aap  diaplay,  aa  well 
aa  the  uncertainty  in  the  cerreapending  track's  petition. 


Symbol  Obscuration  in  Kilomottrc 


Display  Arcs  Display  Biss  (Inohsa) 

of  Covsrais 


(Kilometers) 

3x3 

lit 

7x7 

d  x 

0 

at  x  >• 

1 ,30  km 

1.19  km 

Md  km 

1.83 

km 

id  X  tt 

lidd  km 

3 .  g  km 

3.14  km 

1.87 

ha 

Display  Arcs  of  Oeverage  kosolution 

Table  S  lists  ths  display  area  of  cevara|s  resolution  in  aotorst  this  is  the  distance 
on  the  area  of  coverage  between  adjaoont  pixel  points  on  the  display,  this  is  a  Mature  of 
the  aoouraoy  with  which  items  My  bo  located  on  a  digital  map  display.  Ths  table  shews  that 
tho  display  area  resolution  can  vary  free  783  maters  to  37  asters  depending  on  the  display 
also  and  resolution. 


Table  3 

Display  Area  kssolution  in  Motors 


Display  Area  Display  Display  lias  (Inches) 

of  Oovorags  koaolutlen 


(KllOMtere) 

(Lines/in) 

3x3 

6x6 

7  n  7 

0  tt  9 

3d  X  3d 

38 

988  a 

171  a 

133  a 

88  m 

Bd 

111  a 

88  m 

47  m 

37  m 

dd  x  dd 

38 

789  a 

487  a 

338  a 

384  m 

Bd 

388  m 

177  m 

137  m 

BB  m 

3lven  the  3/18-bv3/18-lneh  symbol  also.  Table  3  shows  ths  effect  of  the  area  of 
coverage  and  tho  display  else  and  resolution  un  symbol  movement.  For  example,  an  airoraft 
being  brooked  on  a  g-by-B-inoh  display  with  SI  linos  per  inch  resolution  and  a  kg-by-gd-km 
area  of  coverage,  must  travel  a  distaneo  of  177  meters  for  ths  corresponding  sysibol  to  move 
one  pixel  on  tho  display. 


Angular  Unesrtainty 

Table  4  lists  tho  unesrtainty  in  locating  from  tho  display,  the  angular  location  of  ths 
break  relative  to  tho  host  aircraft.  The  angular  unesrtainty  is  oaussd  by  tho  siao  of  the 
symbol  on  tho  display.  Ths  aviator  is  assuaiog  to  bo  attempting  to  visually  acquire  tha 
traok  from  tha  display  at  tha  l-ka  range. 


Table  4 

Angular  Uncertainty  in  Degress  at  0  Kilometers 


Display  Area 
of  Coverage 

Display  lias 

(Inches) 

(XlloMtors) 

3x3 

8  X  8 

7x7 

0  tt  0 

38  x  38 

31 . 33 

■MMJjJMj 

8. 98 

T.  IT 

88  x  Id 

83.14 

34.  17 

10.00 

gymbel  Update  Tinea 

Table  B  shows  tho  tiaas  between  symbol  updates  on  tho  display  as  a  function  of  tho 
relative  speed  of  ths  aircraft  being  traokod,  tha  area  of  oovorags,  and  tlic  display  siss, 

Tha  table  shows  that  a  l»C-knet  track  symbol  would  ehango  position  en  tho  display  once  ovary 
t.dl  second  to  once  every  t.li  aoeends  depending  on  tho  area  of  ooverags  and  the  display 
clss  and  resolution.  Tho  update  times  arc  longer  for  slower  tracks  and  shew  tho  uncertainty 
in  determining  from  tho  display,  the  speed  of  ths  enemy  track  relative  to  tha  host  sireratt. 
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Tabl*  S 

Symbol  Update  Times  (In  seconds) 


U>  Dlaplay 

Covaraga  Araa: 

3#  x  30  kllomttart 

Track 

Flight 

Display 

Display  lisa  (Inches) 

•pood 

Resolution 

(Knots) 

(Linos/in) 

3  x  3 

i«i 

7x7 

•  it 

W 

H 

13.43  S 

ii.ee  s 

7.00  fl 

e.14  a 

S* 

7. 17  S 

4.37  s 

3.(4  s 

a.3#  a 

ISC 

36 

3.14  a 

i.ei  s 

1.34  s 

1.(4  a 

S* 

l.aa  s 

(.73  a 

0.02  a 

(.41  g 

(b)  Display 

Oovni'rge  Araai  (( 

X  ((  kilometers 

track 

flight 

Display 

Display  ties  (Inches) 

(pood 

Resolution 

(Knots) 

(Linos/in) 

3X3  0X6 

7  H  7 

0X0 

30 

36 

40 . 33  s  33.66  s 

31.66  s 

16.43  s 

(( 

16.13  s  11. 4B  a 

1.31  a 

6.46  S 

IS* 

38 

(.36  S  B.S3  S 

3.36  s 

3.70  s 

00 

3,33  a  1.63  a 

1.30  • 

1.00  ■ 

To  this  point,  the  approach  haa  bean  to  dollno  the  preferred  symbol  alao  and  establish 
two  aroaa  of  aovaraga  that  wore  analyaod  in  term*  of  dlaplay  alao  and  raoolutlon.  Aa  can  ba 
aaan,  smaller  aroaa  of  sovara|o  praaontad  on  larger  dloplayo  provide  higher  raoolutlon 
information  to  the  oparator.  With  an  (6-by-BI-km  area  of  coverage  on  a  3-by-J-inah  dlaplay 
OB  Unoa/lnoh).  the  symbol  oovaro  6  km,  and  tha  symbol  update  time  for  an  alroraft 
traveling  at  1*  knots  la  almost  Bl  aooonda,  illustrating  the  dilemma  of  attempting  to 
provide  battlefield  oltuation  inforsution  within  the  constraints  of  existing  alroraft  panal 
and  display  apaaa .  Tho  alerting  and  ousing  information  la  aomswhat  Imprecise.  A  solution 
to  this  potential  prob.ea  is  suggested  in  the  next  lootion. 


AIK  OOMIAT  SI6PLAY  COHOgfT 

Tha  information  praaontad  on  the  air  combat  display  is  tho  result  of  sensor  data 
provided  by  tha  FAAD  system.  Tho  FAAD  system  detects  alroraft  tracks,  assigns 
idontlf iaatlon  numbers  to  tho  tracks,  and  olasslflos  certain  Information  about  oaoh  track, 
Tho  basis  air  combat  display  concopt  is  shown  in  Figure  1.  Tho  display  is  a  plan  position 
indicator  depleting  radar-baaed  information  on  a  OPT.  Tho  oonsopt  borrows  from  Air  dsfonso 
firo  units  and  is  modified  to  moot  aviation  roquiramants . 

Tho  display  is  designed  as  a  'heading-up'  display,  As  tha  aircraft  turns,  the  display 
rotates  so  that  tho  heading  of  tho  own  aircraft  symbol  is  oriented  toward  tha  top  of  tha 
aoroan.  The  number  in  tho  ben  at  tha  tap  right-hand  oornor  of  the  display  shows  tho  range, 
in  kilometers,  depiotad  on  tho  display  from  tho  own  alroraft  symbol  to  tho  top  of  tho 
saroon.  Tho  ring  roprosonts  tho  mid-range  point  (in  this  ease,  IB  km).  In  a  final  version 
of  tho  display,  tho  displayed  range  or  area  of  covorago  would  ba  selected  by  tha  arew. 

Tho  own  aircraft  symbol  is  tho  cross  located  in  tho  center  of  tho  display.  Dlamend- 
shapad  symbols  represent  hostile  aircraft,  circles  are  friendly,  and  U-shaped  symbols  era 
unidentified  or  unknown  alroraft,  The  symbols  oan  bo  further  modified  to  provide  additional 
information.  The  symbol  alone  roprosonts  a  fixod-wlng  aircraft,  Tho  symbol  with  a 
horiaontal  lino  across  tho  top  roprosonts  a  retary-wing  aircraft.  A  single  symbol  indloatas 
that  the  track  consists  of  a  single  aircraft.  A  double  symbol  indicates  that  thd  track  la  a 
formation  of  multiple  aircraft,  Tha  number  at  tho  lower  right  side  of  the  symbol  doslgnatss 
the  assigned  track  number,  Tha  lino  extending  outward  from  tho  cantor  cl  tho  symbol  shows 
the  direction  of  movement  of  tho  track  symbol. 

Additional  track  information  is  available  for  presentation  to  tho  aircrew,  but 
modifying  tho  symbol  to  provide  this  additional  Information  tends  te  clutter  the  display. 

To  alleviate  the  potential  for  clutter,  a  track  information  lino,  presented  in  text,  is 
available  for  each  traok  and  can  bo  cal  lad  up  on  tho  display  by  hooking  tho  track  (see 
Figure  a).  Keeking  is  tho  term  used  tor  selecting  or  designating  a  given  track.  In  currant 
aircraft,  hooking  oan  bo  aooompiishod  by  entering  tho  track  number  via  a  keypad. 
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Another  very  important  ration  tar  providing  the  trock  information  lino  on  tho  dioploy 
la  the  impreeiaeneaa  of  tho  graphic  track  information  raaulting  from  the  largo  area  of 
oovorago  portrayed  on  anal  1  aoraona.  Tho  track  information  lino  allowo  aoro  apoeltie 
information  about  tho  track,  (cuoh  aa  hooding  and  ralatlvo  location) ,  to  bo  proaontad  than 
la  poaalbla  with  tha  graphlo  aymbology.  Information  lnoludad  in  tho  traok  information  lino 
la  track  heading,  alropood.  altitude,  range  and  baarlng  from  own  aireratt  to  track,  and 
tlmo-to-f irct  launch, 

It  appaara  that  tho  graphlo  diaplay  la  bettor  auited  for  providing  general  aituation 
awareneaa  information  while  the  takt  information  lino  la  bettor  auited  for  providing 
apeclfie  or  detailed  information  about  a  particular  air  traok.  Whan  uaed  in  thla  manner,  it 
ia  poaalbla  to  praaant  tha  air  battla  piatura  on  a  email  aorean  with  an  adequate  degree  at 
utility. 


BllOtflllOII 

Thla  diaplay  concept  ia  an  Initial  deaign  and  cuoeeaaiva  iteration*  are  evolving. 
Diaplay  oapabilitlea  are  limited  to  tha  tachnology  available  in  aurrent  Army  haiiooptara. 
Diaplay  aloe  ia  currently  a  limiting  factor  in  providing  a  large  area  of  coverage. 

A  primary  challenge  ia  attempting  to  dapiot  an  tl-by-ll-km  area  of  ooveraga  on  a 
nominal  a-by-3  inch  diaplay,  Aa  auggoated  by  tha  presedlng  analyale,  tha  air  traok  data 
become  aomewhat  improelee.  Tho  requirement  for  an  gg-by-lt-km  area  la  predicated  on  a 
hoetllt  airaraft  traveling  at  a  high  rota  of  apeed  and  a  friendly  airoraft  traveling  at  a 
very  alow  nap-ef -the-earth  apeed.  If  diaplay  aloe  waa  not  an  laaue,  thla  would  be  tha  beat 
area  of  coverage  for  a  maximum  alerting  and  oueing  dlatance,  It  haa  been  auggeatad  that  tha 
alerting  of  dlatant  air  threata  be  aooompliahed  by  a  ground-baaed  command  poet  equipped  with 
a  large  diaplay  aoraen,  whioh  would  adviae  individual  airoraft  of  impending  air  threata 
until  in  range  of  the  eircraft'a  on-board  diaplay, 


KIOOMUIND1D  IIIHAMOIMINTI 

Aa  a  concept  new  to  Army  aviation,  much  oan  be  done  to  refine  and  enhanae  the  air 
combat  diaplay,  The  following  era  aome  recommended  areaa  for  additional  evaluation  and 
analyaia , 


leturatlon/Oluttar  of  the  Diaplay 

The  number  of  air  traaka  that  can  be  awpeoted  in  a  given  3#-by-30-km  or  ea-by-8C-km 
area  la  unknown,  The  number  of  air  traaka  will  partly  contribute  to  the  saturation  end 
clutter  of  the  diaplay.  Ivan  a  email  number  of  traaka,  if  aloe*  to  eaah  other,  can  areata  a 
cluttered  aituation  in  which  aymbola  or  aymbol  modifier*  cannot  be  Interpreted.  However,  it 
may  he  neceaaary  to  uae  technique*  that  will  filter  out  aome  or  all  the  following  air  track 
data.  Ideally,  thaae  filler*  would  be  aaleotad  by  the  crew.  The  air  track  data  that  nay 
require  filtering  arei 

High  altitude  traaka 

Feat  moving  traaka 

Friendly  tracka 

Acceding  tracka 

Tracka  out* Ida  the  area  of  interact 

Analyaia  la  required  In  thia  are*  to  attempt  to  quantify  the  number  of  air  tracka  that 
may  be  anticipated  in  varloua  aegmenta  of  the  battlefield  and  to  aaeeaa  diaplay  aaturatlon 
and  poaaible  technique*  ter  d*-clutt*ring , 


Track  Information  Line 

Currently,  the  traok  information  line  include!  all  information  available  regarding  tho 
aelected  track,  On  a  email  diaplay,  there  may  not  b*  enough  apace  to  preaent  the  entire 
line  of  information,  Ferhapa ,  the  orew  doea  not  require  all  the  information  preaented  on 
the  line.  At  any  rate,  an  enalyaia  of  th*  track  information  line  ahould  be  aeeompliahed  and 
tha  information  meat  important  and  uaeful  to  the  urew  ahould  be  pricritiaed. 

With  prloritlaatlon,  eaoh  type  of  information  need*  to  be  reviewed  to  determine  th* 
appropriate  Increment  of  praientatlon,  For  lnatanee,  to  provide  adequate  cueing,  ahould  th* 
bearing  to  traok  be  provided  to  th*  neareat  degree,  S  degree*  or  Id  degree* ,  etot  Track 
information  line  requirement*  muat  be  coordinated  with  operational  aviator*  who  have 
experience  with,  on  flrat-hend  knowledge  of,  helicopter  air  eeabat  operation*. 


lattlafield  Geometry 

■attlefield  geometry  auoh  aa  dlvlaion  boundaries,  elr  oorrldore,  fire  aonea ,  and 
friendly  tire  unit  location*  ere  tranamitted  by  th*  FAAD  0*1  ayatam,  A  determination  muat 
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be  udl  about  how  much,  it  any ,  at  this  information  1«  uboful  to  tho  helicopter  crew.  If 
bottlotlold  geometry  it  to  bo  provided,  what  of  foot  io  tharo  on  diopiay  aeturation/olutter? 


Soldier-Machine  Interface 

The  eoldler-maohine  interface  ieauea  require  much  more  attention  before  the  air  combat 
display  eonoopt  can  bo  successfully  inte|rated  into  an  Army  hslieoptar  cockpit.  Tho 
multiple  functions  on  the  ORTs  create  a  complex  and  eritioal  issue  of  identifying  tho 
specific  orsw  inputs,  This  essential  recognition  is  required  to  rstrlovo  the  appropriate 
information  and  ohanga  display  functions  quickly. 


Audio  and  Speech  Display  Techniques 

An  evaluation  needs  to  be  mads  to  dateraina  tho  use  of  audio  tones  or  speech  synthesis 
as  aids  in  alartin|  tha  crow  of  Information  on  the  aersan.  luoh  aids  may  bo  especially 
helpful,  or  oven  nsessaary,  during  periods  of  high  visual  task  loading, 


CONCLUSION 

This  report  provides  an  aeoount  of  the  development  of  a  display  oonaeph  that  alerts  and 
cues  Army  hslieoptar  crows  to  the  location  of  friendly  and  hostile  aircraft  over  the 
battlefiold.  Tho  air  track  data  to  bo  displayed  era  genaratad  by  radar  sanaors  and 
transmitted  by  the  FAAD  C*1  system.  Tho  eoneapt  borrows  from  air  dafsnso  firs  units  and  the 
symbology  is  found  in  DoD-ETD-1477  (Department  of  Defense,  19*3), 

The  area  cf  coverage  presented  cn  tha  display  was  an  important  consideration  in  making 
the  display  a  useful  tool  for  alerting  and  cueing  and,  therefore,  received  considerable 
attention.  Although  tha  mission  analysis  shews  that  an  dt-by-IS-km  area  of  coverage  is  bast 
for  providing  timely  alerting  and  cueing,  it  appears  that  the  symbol  coverage  and  symbol 
update  rates  associated  with  this  area  of  oeverage  result  in  Information  that  is  not  of 
sufficient  praclaaneas  whan  depicted  on  email  display  aoreena. 

As  an  evolving  oonaept,  further  analyses  are  required  to  arrive  at  a  final  design  that 
will  provide  effective  alerting  and  cueing  in  support  of  Army  aviation  air  combat 
operations . 
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DB5IGMATI0M  D'OBJBCTIFS  BOOB  FACTBUH  DB  CBARGB  t 
INTBRHT  IT  LIMITK8  UU  VIBBUR  Dl  CABQUB. 


pur  la  Nddeoin  Chat  A,  L  so  Eft  at  la  Mddaein  f.  8ANDOR 


Laooratoira  da  Mddaeina  Adroapatiala 
C8NTBI  D'KIIAII  IN  VOL 
911 20  -  1RBTICNY-AIR,  FRANCK 


RUUMB 


Laa  vlaaura  da  oaaqua  aont  aotuallamant  considdrds  comma  I'un*  das 
approahaa  poaaiblaa  pour  amdliorar  la  oonaolanoa  da  la  situation  daa  pilotaa  da  combat. 
Laa  avantagas  potantlala  da  oa  typa  d'dquipamant  pauvant  oapandant  btra  diminuda  du 
fait  daa  oontraintaa  d'anvironnamant  adronautiqua,  comma  laa  aoodldrationa  +  Oa  du 
combat  Air-Air, 


Una  dtuda  axpdrimantala  an  oantrifugauaa  a  dtd  oonduita  pour  tentar 
d'dvaluar  l'impaot  daa  aoodldrationa  +  Oa  aur  la  donation  da  ddaignaticn  du  viaaur 
da  oaaqua. 


Laa  rdaultata  montrant  qua  iuaqu'b  +  S  Oa  la  ddgradatlon  daa  parformancaa 
da  pouraulta  aoua  factaur  da  oharga  damaura  maddrda.  Cartainaa  limitaa  daa  vlaaura 
da  oaaqua  apparaiaaant  oapandant.  Illca  aont  natantlallamant  lidaa  aux  oaraotdriatiq'jas 
biomdoaniquaa  at  aux  modaa  fonctionnals  da  la  coordination  oail-tdta. 


1.  -  IRTBOPUCTIOH 


La  plupart  daa  granda  programmes  actuals  d'avlona  da  oombaL  prdvoiant 
Tutiliaation  da  vlaaura  da  caaqua,  an  coffipldmant  daa  viaualiaatloua  alaaalquaa. 

L'idda  du  viaaur  da  casque  n'aat  an  (ait  paa  totalamant  nouvallo  puiaqua 
aartaina  aviona  da  combat  an  nont  ddjb  dotda,  parfoia  da  longua  data  comma  la  VTAB 
an  aarvioa  aur  laa  F4-J  da  I'U.B.  Navy. 

Bn  Franca  laa  pramlbraa  Evaluations  du  viaaur  da  oaaqua  pour  laa  aviona 
da  aombat  ont  dtd  mandaa  dans  la  oourant  daa  anndaa  70.  A  oatta  dpoqua,  dans  la  contexts 
da  ayatbmaa  d'armas  aaaantiollamant  aactaur  arribra,  laa  dtudaa  an  simulation  da  combat 
n'avaiant  paa  permit  da  oonclura  b  l'intdrlt  da  ca  mods  da  ddaignation  an  oombat  adrian 
Air-Air,  In  ravanoha,  daa  ddvaloppamanta  ultdriaura  ont  dtd  mends  avao  suooba  pour 
laa  hdliooptbras  da  oombat,  ooncrdtlada  au  niveau  du  programme  Franuo-Allamand  HAF- 
HAC, 


Laa  progrba  rdalisda  an  maeibra  d'optroniqua  at  laa  parformancaa  aotusllea 
daa  miaailaa  ont  radioalamant  ohangd  la  situation  at  la  programme  ACT  contlent  dbs 
1'origine  toutaa  laa  provision!  ndcaaaairea  pour  1'amploi  d'un  viaaur  da  oaaqua, 

Caol  nous  ambna  b  oonilddrar  un  premiar  point  i 

l'intdrlt  d ' dquipamanti  comma  la  viaaur  da  oaaqua  sat  dtroitamant 
ddpandant  daa  aaraatdriitiquaa  du  ayatbma  d'armas  auqusl  il  sat  intdgrd. 

Laa  ayatbmaa  d'Armaa  daa  aviona  modarnaa  aont  davanua  ai  sffioioaa  qua, 
paradoxalamant,  on  paut  oraindra  da  voir  augmantar  d'una  manibr*  considdrable  la 
prababilitd  da  daatruotion  mutualla  daa  apparaila  angagda  dans  un  oombat  (ni  vxinqueur, 
ni  vaxncu) . 


A  oa  nivaau,  la  viaaur  da  oaaqua  oonatitua  l'un  daa  moyana  poaaiblaa 
pour  faire  panchar  la  balanca.  La  factaur  humain  reprand  done  ioi  touts  aa 
signification. 


Laa  dtudaa  d'amploi  tactlqua,  qui  ont  dtd  mandaa  an  Pranas  aur  oa  aujat 
ont  bian  montrd  laa  nombrtusaa  diffioultda  qui  rdaidant  dans  I'intarprdtation  das 
rdaultata  obtanua.  Lai  problbmaa  d ' homogdnditd  dana  la  population  das  pilotaa  ambna 
b  la  eenslualon  gdndrala  qua,  quellai  qua  aslant  laa  conditions  du  oombat,  laa  pilotaa 
d'axoaptien,  eaux  qui  aont  naturallamant  la  plua  oonaoiant  da  la  aituation,  arrivant 
b  pranrtra  la  daaaua. 


Bn  ravanoha,  1'utiliaation  du  viaaur  da  oaaqua  ait  pour  l'anaambla  da 
la  population  la  aouroa  d'un  avantaga  oartain.  Vu  aoua  un  angla  ndgatif,  on  paut  auaai 
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C*  dernier  point  contribua  aan*  dout*  A  deablir  l'idd*  qua  lea  viaaura 
da  oaaqua  vont  a'insorire  parmi  laa  dquipamenta  Incontournablaa  pour  lea  avions  da 
combat  dea  anndes  A  venir. 

L'  utillaatlon  da  oea  dquipamenta,  an  particuUor  lora  da  combat  Air-Air, 
poaa  toutefois  dea  problAmea  auxquela  lea  dtudes  an  aimulateur  de  combat  na  pcuvent 
rdpondro,  Ce  aont  essentiallement  lea  aapacta  lids  aux  contralntoa  biodynamiquoB 
rdsultanfc  daa  evolutions  da  l'avlon.  Caa  oontraintaa,  qu'il  a'aqiaaa  daa  vibratlona 
ou  daa  aoodldrationa  +  da  ssutanuaa.  affeotant  laa  deux  fonotiona  du  viaaur  da  oaaqua, 
designation  d'objactifa  at  presentation  d1 information* . 

Caa  darnikraa  anndas  la  Laboratoi ra  da  Mddaeina  Adroapatial*  a 'sat 
partioulikramnnt  intdreaad  A  l1 impact  daa  aoodldrationa  +  da  aur  la  donation  da 
designation  daa  viaaura  da  casque.  Avant  d'abordar  oa  point  particullar,  noua 
aftaotuarona  un  braf  rappel  daa  avantagsa  prdaantda  par  la  viaaur  da  oaaqua  an  terms 
da  oonioisno*  da  la  situation  ainal  qua  daa  principaux  problAmta  qui  resultant  da 
son  amploi. 


3. 


VIBRUR  DU  CABQUB  IT  C0N8C 


w.v.Md  '  ■  <en:w»'i:i,i.i:n.i:ia 


tfflSI. 


La  poasibilltd  da  pilotar  "la  tdte  hors  du  oookpit"  dana  laa  conditions 
critiques  (baaiu  altitude,  grande  vitaiaa,  combat),  tout  an  sonaarvant  laa  informations 
aur  la  pilotage  at  la  oonduita  daa  syatAmae  aonetitua  un  avantage  fondamantal  pour 
la  maintian  da  In  oonacianoa  da  la  situation  (2).  Laa  viaaura  oolllmatd*  tlte-hauta, 
lids  A  la  atructura  da  l'avlon,  donnant  natta  poasibilltd,  male  aaulamant  dana  una 
sons  restraints  A  qualquaa  diaainei  da  dagrda.  Catta  afino,  li4a  d'una  manibra  g4n4rala 
au  vaotaur  vitasaa  da  l'avlon,  rapr4aanta  un  int4rlt  fondamantal  pour  oartainaa  phaaaa 
da  vol.  Par  contra,  dans  la  caa  du  combat  Air-Air,  laa  aonaa  d'intarlt  du  pilots  peuvent 
aa  trouvar  trAa  dloignda*  du  viaaur  central  t4ta  haute, 


Pour  HOLLISTER  at  coll,  (  4  !  la  viaaur  de  oaaqua  (HM3/D)  fournit  nu 

pilota  troia  avantagsa  principaux  i 

-  Una  visualisation  de  aaaoure  das  informations  pr*aant4oa  an  tdta-bjaaa 
ou  an  tdta-hauta,  qual  qua  aoit  l'androit  oil  regards  la  pilots, 


-  La  poaaiblUt4  da  d4aignar  daa  objeotifs  pour  la  ayatAma  d'armai. 


-  Una  viaualiaation  du  typu  t4te  haute  mobile  capablo  ds  prAsantar  toutaa 
laa  informationa  ndoaaaaira*  A  l'attaqua  at  A  la  destruction  da  oiblaa  au  sol  ou  an 
vol, 


SHERMAN  (  6  )  soultgna  qua  la  viaaur  da  oaaqua  raprdaent*  dgalomant 
una  solution  pour  la  presentation  d' informations  loraque  la  aiAga  du  pilota  eat  trAa 
incline, 

Dana  toua  laa  caa  aa*  avantagsa  na  pauvant  4tra  ooniid4r4«  comma 
affaotita,  aurtout  pour  laa  aviona  da  combat,  qua  ai  1 ' anoombramant  at  la  masa*  daa 
dquipementa  damturant  oompatiblaa  avao  las  oontraintaa  biodynamiqua*  du  vol. 

L'affat  da  oaa  oontraintaa  au  sours  du  vol  grand*  vitasaa,  basae  altitude 
a  4t4  rapportd,  tent  pour  ca  qui  concern*  la  fonction  da  designation  (  7  )  qua  cello 
da  presentation  d1 informations  visualise  (  3  ),  Lore  d'dtudas  an  laboratoire  confirndae 
par  das  asaais  an  vol,  TATHAM  a  montrd  qua  aeulaa  .’•«  oompossntaa  baas*  frdquanco 
(inf4riaursa  A  A  Ha)  affaotaiant  la  precision  da  viada,  En  ut-.iliaant  una  rndthodologia 
idantiqun,  JARRET  montrait  qua  la  liaibilitd  du  viaaur  aous  vibration  pouvait  dtre 
amdliord#  an  augmantant  1*  contraata  luminaux. 

Las  problAmas  poada  par  laa  dvolutiona  du  combat  Air-Air  dana  1*  domain* 
visual  aont  loin  d'avolr  dtd  auaai  bian  dtudids  qua  caux  rdaultant  daa  vole  taotiquaa. 
L'dtuda  axp4rim*ntal*  qua  noua  prdaanton*  a  pour  objat  d'apportar  qualquaa  dldmanta 
dana  o*  domains, 


3.  -  mesm 


L'dtuda  a  dtd  manda  aur  la  oantrifuqaua*  du  Laboratoire  da  Mddaoina 
Adroapatial*  du  Centra  d'laaaia  an  Vol  da  IHETIONy  aur  orgs, 

3.1.  -  Diapoalttf  Experimental 

3.1.1.  -  Plataform*  d'axpdriano* 

Una  maquatta  gdomdtriqua  du  ddmonatrataur  Ratals,  artioulda  autour 
d'un  aiAga  inalind  A  32*  a  dtd  utiliadt  uour  las  aaaaia,  catta  maquatt*  a  dtd  inatallde 
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dan*  1*  naoall*  univaraall*  d*  la  ctntrifugausa  qul  parmat  d'accuaillir  da* 
axpdrimantation*  ancombrantaa.  Da*  aaaii*  da  validation*  ont  enauit*  dtd  mands  *ur 
un*  maquatta  du  prototypa  ACT  (siAga  inclind  A  29*). 

La  command*  da  pllotaga  altud*  aur  la  banquatta  droits  comport* 
un  lntnrruptsur  permettant  au  pilots  da  validar  laa  dvAnamant*.  Una  viaualiiation 
central*  aur  un  noniteur  viddo  aat  utilisda  pour  prdsenter  au  pilota  dee  informations 
aur  la  ddrculemont  dea  aaaaia  at  laa  rdaultat*  obtanua.  Una  valva  anti-0  parmat 
l'alimantation  da  l'dquipamant  da  protection  portd  par  la  pilot*.  Errfin,  un  triAdra 
d'acodldromAtroa  placds  prA*  da  la  tlta  du  pilot*  parmat  la  maaura  da*  troi*  oompoaanta* 
d' aoodldration  Jx,  Jy,  Ji, 


3.1.2.  -  Diipoaitif  da  prdtantation  da  oibl* 

Un  diapoiitif  optlqua  A  2  dagrda  da  libartd  mO  par  da*  motaur* 
aiaarvi*.  projatta  un  rayon  Laaar  Ha-No  »ur  un  doran  hdmlaphdriqut  da  170  cm  da 
diamAtrs,  Cat  dcran  **t  approximativamant  eantrd  aur  la  position  da  la  tita  du  pilota. 
L'amplitud*  d*  ddplaoamant  autoriad#  par  1*  ayatAma  aat  da  ±  160  dagrda  an  giaamant 
at  +  90  an  ait*.  Laa  vltaaaa*  da  ddplaoamant  pauvant  attaindr*  TOO'/a  an  giaamant 
at  2000*/*  an  aita.La  prdoiaion  da  poaltionnamant  da  la  oibla  aat  da  12  minutaa  d'angl*. 
Un*  raoopla  da  la  poaltion  angulair*  du  miroir  da  sortie,  an  aita  at  an  giaamant. 
aat  utilisda  pour  ddtarminar  la  poaltion  da  la  oibl*  dans  la  rapfcra  da  la  cabins. 


3.1.3.  -  niapoaitif  da  maaura  da  la  poaltion  da  la  tdt* 

La  viaaur  da  oaaqua  dlaotro-optiqua  THOMSON-CSF  aat  utiliad 
pour  ddtarminar  la  position  da  la  tdt*  at  l'oriantation  da  la  lign*  da  viada  du  pilota. 
La  prdoiaion  da  cm  ayatAma  aat  maillaur*  qua  0,6*  pour  laa  anglaa  at  qua  1  mm  pour 
laa  translation*.  La  aadanca  d'dchantillonnaga  rdalla  aat  da  20  Ha.  C*  ayatAma  comports 
daux  trianglaa  da  diodoa  dmattrieaa  at  un  viaaur  oolllmatd,  Intdgrd  dans  un  oaaqua 
GUENEAU  456  modifid  par  laa  aoina  du  Laboratoira.  La  mass*  du  oaaqua  dquipd  aat  da 
1380  g.  Las  captaura  aont  oonatituda  par  daux  barattaa  CCD  diaposdaa  da  part  at  d'autra 
da  la  tSta  du  pilot*  aur  un  support  inddformabl* .  Dana  la  disposition  utilisda  lor* 
das  assaia  Is  champ  da  maaura  couvrait  approximativomant  +  60*  an  giaamant  ot  +  60* 
an  site. 


3.1.4.  -  flystAma  informatiqu*  d'acquiaition 

La  gaation  daa  axpdrimantatlona,  la  command*  du  dlspoaltif  optlqus 
at  1' acquisition  daa  donndas  aont  asaurdaa  par  un  oalculataur  DEC  LSI  11-73.  Lea 
programmaa  d1 application  aont  dcrits  an  Fortran  IV  avac  daa  routines  Aasamblaur.  Cos 
programmsa  fanotionnant  aoua  un  ayatAma  d'axploitation  RT-11-8J. 

3.2,  -  Protocol* 

3.2.1.  -  Sujsta 

Six  sujsta  volontairsa  sxampts  d 'af factions  pathologiquea 
dvolutivaa  (Ago  23-43)  ont  partioipd  A  1 1 sxpdrimantation.  11a  ont  dtd  rscrutda  parmi 
laa  paraonnsls  du  Centra  d' Basal*  an  Vol  at  tout  partiouliAramant  au  tain  da  la  section 
das  parachutist**  d'aaaaia.  Tout  laa  sujsta  avaient  una  axpdrianaa  prdalabls  da  la 
oantrifugauaa.  11a  dtaiant.  an  rAgla  gdndrala,  rdsiatanl*  aux  affats  das  accdldratlon* 
da  Coriolis.  Loraqua  os  n'dtait  pas  1*  oaa  una  prophylaxis  anti-naupathiqu*  a  dtd 
utilisda.  Un*  deuxiAm*  sxpdrimantation  a  dtd  mand*  ultdriaurement  avac  daux  pilots* 
da  ohaas*.  Ella  avait  pour  but  da  validar  qualquas  point*  prdcia  daa  pramiara  aaaaia. 


3.2.2.  -  Condition*  axpdrimantalsa 

Chaqu*  aujat  a  affaotud  un  total  da  six  lanoamanta  oomportant 

chacun  troia  montdoa  an  aoodldration.  La  nombr*  total  d'aaaaia  a  dtd  ddtarmind  par 
la  oombinalaon  daa  conditions  d1 aoodldration  at  das  diffdranta*  trajactoiras  da  ciblas 
prdsantdaa.  Avant  ohaqus  lancamant,  una  aoqulaitlon  dn  rdfdranoe  Ala  dtsit  affaotud* 
pour  ohaoun*  daa  trajaotoiras  dtudidas.  Dans  toua  laa  oaa.  la  poaltion  initiala  da 

la  oibla  at  la  trajaatoir*  aulvia  dtaiant  totalansnt  prddictiblea. 

3. 2. 2.1.  -  Trajaotoiraa 

Troia  trajaotoiras  nnt  dtd  utiliadea  pendent  laa  aaaaia.  La  durds 
da  chaqu*  trajaotoir*  aat  da  10  aaoondaa. 

La  trajaotoira  n*  1  oompoaa  da  2  aagmanta  i  Is  premier  part 

da  +  SO*  an  aite  *t  -  50*  an  giaamant  i  la  oibl*  at  ddplagant  juaqu'A  un  point  30* 


IM 


*n  aita,  0*  an  giaamant  avao  una  vltaasa  da  3 '/•  an  aita  at  I*/*  an  giaamant.  La 
dauxikma  aagmant  aat  puramant  varti£al,  k  7*/i  juaqu'au  point  da  rdfdranot  0*. 

La  trajaotolra  n*  2  aat  aortanta.  La  olbla  ddmarra  1  -  20*  an 
giaamant,  +  20*  an  aita  at  aa  ddplaca  k  3*/s  an  alta  at  7*/a  an  giaamant  vara  un  point 
+  50*  an  aita  +  50*  an  giaamant. 

La  trajaotolra  n*  3  aat  ra.ntrante,  puramont  dana  la  plan  vartioal. 
La  olbla  ddmarra  k  +  95*  an  aita  at  aa  ddplaoa  k  9 ( 9 */a  juaqu'au  point  O'. 

3. 2. 2. 2.  -  condltlona  d'aaadldratlons 


Tranaitlon. 


Laa  aaaaia  ont  dtd  mania  pour  daux  soua-protoaolaa,  Paliar  at 


Dana  la  pramiar  caa  la  pouraulta  da  la  olbla  aat  affaotuda  avao 
un  nlvaau  ronatant  d'aoodldrxtion  ♦  oa  (3.  4  ou  5  0),  lnstalld  avao  una  variation 
da  0,5  O/a. 


La  protooola  Tranaitlon  Itudic  la  pouraulta  loraqua  l'aoedldratinn 
varla  da  1,4  a  rdaultant  a  5  0  rdaultant  avao  daa  pantaa  da  0,2,  0,4  at  0,5  9/a. 

3. 2. 2, 3.  -  Plan  axpdrimantal 

La  protooola  Paliar  a  toujoura  ltd  rdaliad  avant  la  protooola 
Tranaitlon.  Pour  dvitar  un  affat  lid  k  l'ordra  da  prdaantation  daa  aaaaia,  laa 
dlffdrantas  oombinalaona  d'aoodldration  at  da  trajaotolra  ont  dtd  rdpartiaa  an 
aftaotuant  una  parmutation  oiroulaira. 

3.3.  -  Traltamant  daa  donndai 

Laa  donndaa  ont  dtd  axploltdaa  au  moyan  d'un  logicial  da  traitamant 
spdoifiqua  oomportant  daa  fonotiona  intaraotivaa. 

Laa  paramktraa  dtudida  ont  portd  aur  1 1  acquisition  daa  oiblaa  (vitaaaa, 
durda)  at  aur  laa  oaraotdriatiquaa  da  la  pouraulta  Soart  moyan  at  Eoart  quadratiqua 
moyan  (B.Q.M.). 


4.  -  aaaaam 


Laa  rdaultata  prdaantda  iol  portant  aaaantlallamant  aur  laa 
oaraotdriatiquaa  da  pouraulta  da  oiblaa  aprka  qu'allaa  aiant  dtd  acquista,  Nous 
dlatinguarona  daux  aspaota  t  l'un  qualitatif,  l'autra  quantitatif. 

4.1.  -  tuaaik aiu&i&Mikt  flu  rauamttii 

Dana  l'anaambla,  laa  aujata  n'ont  paa  ranoontrd  da  dlffioultds 
partioullhraa  au  ooura  daa  diffdrantas  pourauitaa.  II  axiata  una  trka  granda  variabilitd 
au  nlvaau  lntarindivldual  dana  la  qualitd  da  la  rdallaatlon  do  la  tloha.  Alora  qua 
oartalna  aujata  arrlvant  k  mnintanlr  una  qualitd  da  pouraulta  k  un  trka  bon  nlvaau 
dnna  tout  la  domalna  dtudld  (fig.lA),  d'autraa  n'obtiannant  qua  daa  rdaultata 
ralatlvamant  mddloaraa  (fig. IB). 


Bur  la  plan  qualltatif  daux  points  attirant.  particulikramant  l'attantlon. 
La  pramiar  oonoarna  la  trajaotolra  n'l,  la  taoond  la  trajaotolra  aortanta  n*2.  La 
trajaatcira  n*3,  an  ravanoha,  n'appslle  ici  paa  da  oommantairaa  partlouliara. 

4.1.1.  -  If fat  d'un  obangamant  da  diraotlon 

La  trajaotolra  n'l  aomports  un  ohangamsnt  da  diraotlon 
ralatlvamant  brutal.  Bian  qua  oalui-ei  solt  parfaitamant  prddiotibla,  on  obaarva  aaaaa 
frdquammant  k  oa  momant  un  ddoroohaga  da  vlada,  avao  daa  doarts  inatantanda  qui  pauvant 
attaindra  oinq  k  dix  dagrda. 

La  flgura  2  llluatra  bian  oa  phdnomkna  qui,  aana  dtra  totalamant 
rdpdtitif,  aat  trka  aouvant  prdaant  k  daa  dagrda  divara. 

4.1.2.  -  Trajaotolra  aortanta 

La  trajaotolra  aortanta  a  globalamant  dtd  jugda  comma  la  plus 
ditficila  k  pourauivra,  mdms  pour  laa  pllotaa  da  ohaaaa.  Caoi  aat  partioulikramant 
vrai  pour  la  protooola  Transition,  ok  l'aoedldration  tarminala  aat  toujoura  da  9  a. 
Catta  aoodldration  trrminala  ooinoida  dana  oa  oaa  avao  l'axoantrioitd  la  plua  ferta 
da  la  olbla  S3*  an  aita  at  an  giaamant,  Alora  qua  1' attaint#  da  eatta  axcantrioitd 
na  poaa  jamaia  da  problkma  lora  da  oaa  aaquiaitlona,  on  obaarva  trka  frdquammant  un 
bloaaga  da  la  tkta  lora  da  la  pouraulta.  Un  axampla  da  oa  typa  da  blooaga,  rdaultant 
an  una  parta  rapid#  da  la  vlada  aat  prdaantd  k  la  flfura  3. 


1 1-3 


4.2.  -  AiPaota  quantltatlfa 

Laa  rdaultata  obtanua,  prdaantda  an  term*  d'doart  quadratique  moyan 
da  pourauita,  ont  4td  raaaemblda  pour  !.«■  diffdrentea  oonf igurationa  d' acceleration 
dana  laa  figuraa  4  1  7.  11  a'agit  lk  da  valcura  moytnne*  ol’tanua*  aur  6  aujata.  On 
nota  trka  pau  da  variation  pour  laa  valaura  d'EQM  an  giaament,  k  l'axcaption  da  la 
trajaotsira  1  (fig. 5).  Dana  ca  darniar  oaa  laa  valaura  d'EQM  qui,  an  rkgla  general*, 
aont  proohaa  da  1  dagre  attaignant.  1,30  k  0,6  Q/a, 

in  ravanoha,  pour  oa  qui  ounoarna  laa  valaura  obaarveaa  an  aita,  on 
ralkva  daa  variationa  plua  important**  pour  laa  trajaotoiraa.  Olobalamant,  laa 
pouraultaa  affaotudaa  k  3  at  4  0  na  prdaantant  qua  pau  da  differano*  avao  laa  rdaultata 
da  rdferanoa,  Laa  valaura  moyannaa  obaarveaa  k  S  S  aont  aaniiblamant  plua  eiavdaa 
pour  la  trajeateira  2  ok  alia  attaint,  1,3*.  Comma  pour  laa  rdaultata  obtanua  avao 
daa  oiblaa  atationnairaa  ( S)  oa  aont  laa  variationa  d 'acceleration  qui  angandrant 
laa  E.Q.M,  laa  plua  important*.  Caux  ol  ddpaaaant  gendralamant  1,2*  daa  0,4  Q/a  pour 
attaindr*  1,6*  k  0,6  a/a  pour  la  trajaotoira  2  (fig. 6). 


S.  •  P16CU6B10K 

Dana  aa  tonction  da  ddaignation  d'obj*ctlf,  1*  viaour  da  oaaqu*  na  paut 
oontribuar  corraotamant  k  1' amelioration  da  la  “oonaoianoa  da  la  aituation"  qua  dana 
la  maaura  ok  la  diffioultd  da  aa  miaa  an  oauvra  n'obkr*  paa  laa  avantagaa  qu'il  npporta 
par  aillaura, 


A  oa  titra,  laa  rdaultata  obtanua  an  oantrifugauaa  montrant  aaaaa 
olairamant  qua,  dana  la  domaina  d1 acceleration  conaiderd,  la  degradation  daa 
parformanoaa  da  pourauita  damaura  ralativamant  moddrda.  Encoru  faut-il  qua  oaa 
parformanoaa  aoiant  oompatiblaa  avao  laa  oaractdriatiquaa  daa  armamanta  amployda. 
Notona  ioi  qua  laa  rdaultata  ont  Bid  axprimda  an  tarma  d'doart  quad rati  qua,  paramatra 
alaaaiquamant  utiliai  pour  dvaluar  In  parformanca,  mail  qua  laa  valaura  axtrtm**  da 
l'dcart  inatantand  pauvant  dtra  baauooup  plua  intportantaa. 

On  paut  oonalddrar  qua  oaa  dcarta  a'aooroiaaant  ayatdmatiquamant  k  pertir 
da  3  a  at  pour  daa  taux  da  variation  aupdriaura  k  4) ,4  O/a. 

Laa  rdaultata  qualitatifa  obtanua  avao  la  ohangamant  da  direction  da 
la  trajaotoira  1  montrant  aaaaa  bian  laa  limitaa  d'una  pourauita  avao  un  rdtlcula 
lid  k  la  tlta,  II  na  faut  an  affat  paa  aubliar  qua  caa  trajaotoiraa  dtalant.  tot  lamant 
prddiotiblaa.  on  paut  dona  pmiar  qu'un  avion  oapabl*  d'affactunr  un  ohangamant  rapid! 
da  l'oriantation  da  aon  vaotaur  vitaaaa  poaarait  daa  problkmaa  auaai  bian  avao  un 
viaaur  da  oaaqua  qu'avao  laa  moyana  olaaaiquaa  da  ddaignatlon. 

Da  mlma  laa  rduultata  obtanua  avao  laa  tra jaotulraa  aortantaa  donnant 
matikra  k  rdflaxion.  11  aat  an  affat  aurtiranant  da  conatatai  qua,  lora  d'aoquisitiona 
rapida*,  daa  oiblaa  axoantrdaa  k  SO*  an  aita  at  an  glaamant  aont  gdndralamant  attalntaa 
aana  problkma. 


La  limitation  obaarvda  dana  la  partla  tarminalo  da  la  pourauita  d'una 
oibla  dvoluant  lantamant  aat  aana  doute  llda  k  1 1 inclinaiaon  du  aikge  at  da  l'appui-tflt*. 
Si  oatta  inclinaiaon  aat  olobalamant  favorabla  k  1 'aoquiaition  da  oiblaa  dvoluant 
k  fort  aita,  alia  aambla  ioi  poaar  un  problkma  da  mobiutd.  Pourtant  la  pourauita 
da  oiblaa  aortantaa  oonatitua  trka  cartainamant  una  oonfiguration  da  combat  tout  k 
fait  poaaibla,  aurtout  dana  daa  eondltiona  da  combat  du  typa  "daux  contra  plua  da 
daux" . 


Cotta  probldmatiqua  da  combat  multioibla  k  oourta  diatanca  oonatitua 
trka  cartainamant  un  point  d'intdrdt  pour  laa  viaaura  da  oaaquaa.  Laa  acqulaitiona 
affaotudao  montrant  qua  la  ddplaoamant  d'un  point  k  un  autra,  mlma  aoua  faotaur  da 
oharga  aat  rdaliae  avao  una  prdaiaion  ralativamant  bonna,  k  condition  d' avoir  una 
idda  prdoiaa  da  la  looaliaatlon  du  point  d'arrivd*  (oiblaa  prddiotiblaa).  Au  oa*  ok 
oatta  information  da  looaliaatlon  aaralt  fournla  au  moyan  d'una  figuration  viaaur, 
il  aonviandtait  done  da  a'aaaurar  qua  calla-ci  oonduiaa  bian  k  una  evaluation  prdoiaa 
du  drplaaamant  angulaira  k  affaotuar.  Rappalona  ioi  qua,  par  definition,  laa  mouvamanta 
baliatiquaa  na  pauvant  Itra  intarrompua  par  una  bouola  da  retroaction.  Bn  fait,  on 
obaarva  aaaaa  frdquammant  daa  depaaaamanta  d'objactifa,  auivia  da  rattrapagaa  qui 
na  pauvant  qu'ttra  prejudloiablaa  k  una  oonaoianoa  da  la  aituation  optimala. 


inf in,  pour  olora  oa  ohapitra  at  ainai  qua  la  aouligna  BARNES  (1), 
la  viaaur  da  oataua  fait  appal  k  una  action  "non  naturalia",  dana  la  maaura  ok  il 
va  k  I'anoontra  daa  mdaini*m»a  da  oouplaga  oail-tlta,  Catta  limitation  phyaiologiqua 
inharanta  au  prinolpa  du  viaaur  da  oaaqua  iqaita  dono  k  pourauivra  laa  afforta  an 
matikra  d'utilliation  du  ragard  plutdt  qua  da  la  tit*. 
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s.  -  comclubiom 

Four  da  nombreux  auteura,  la  vieeur  da  oaaqua  oonatltua  un  moyan 
d'amdliorer  la  conaoiance  da  la  aituation  du  pi lota  da  combat. 

A  ofttd  d'avantagai  dvidanta,  on  oongoit  blan  qua  I'utlllaation  d'un 
ayatdma  lid  d  la  tdta  puiaaa,  du  fait  daa  aondldrationa  ranaontrdaa  au  combat,  pardra 
una  partia  da  eon  affieaoitd. 

Laa  axpdrimantationa  mandaa  an  oantrif ugauat  ont  pa ml  a  da  mattra  an 
dvidanea  oartaina  pointa  qui  pauvant  conatltuar  una  11ml ta  d'amploi  da  ea  typa  da 
•yatkme.  Bur  la  plan  quantitatif,  la  ddgradation  daa  parf ormanoaa  da  pourauita  raata 
ralativamant  moddrda.  Cette  ddgradation  atft  plua  aanaibla  loraqua  1 'aoodldration  varia 
avao  daa  taux  dlavda  qua  lora  da  pourauita  avao  una  aoodldration  +  Oa  dtablia. 
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Ecart  Quadratique  Moyen  gisement 
irajecioire  1 


FIO.4  i  On  not*  pour  Is  trsjoctolro  1  uno  lfctro  aufmonutton  do  l'BQM  pour  lot  vlsdos  1 0,«  O/s. 


Ecarl  Quadratique  Moyen  en  site 
trajectoire  1 


£!2ii  1  Vtlsur*  moysnms*  do  l'KQM  on  fonctlon  dst  dlffdrontos  conditions  d'scodldrstlon  ♦  Os 

pour  U  tnjoetolr*  l. 


Ecarl  Quadralique  Moyen  en  site 
trajectoire  2 


CONDITION  D'ACCELERATION  +Ci 

PIO,  »  i  Valaura  moyannai  da  l'BQM  an  fonution  da»  dlffdrantaa  condltloni  d'aocdtfratlon  +  aa 
pour  la  trajaotolra  I. 


Ecarl  Quadralique  Moyen  en  silc 
trajectoire  3 


f)0. 1  >  Valaura  moyannaa  da  l'BQM  an  (onctlor  daa  dlfMrantai  condition!  d'accdMratlon  +  Qa 
pour  la  trajaotolra  t. 
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THE  SIMULATION  OF  LOCALIZED  SOUNDS  FOR  IMPROVED 
SITUATIONAL  AWARENESS 
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It  la  argued  that,  In  avaryday  Ilia,  tha  dlraotlenal  Information  availabla  In  aounda  la 
automatically  Ineorporatad  Into  the  llatanar'a  ovarall  awareness  of  tha  situation.  Tha 
absanoa  of  auoh  ouaa  In  tha  air-borne  anvlronmant  must  Inevitably  Impovarlah  tha  data 
baaa  from  whloh  tha  pilot  bullda  hla  appreciation  of  tha  situation.  Experiments  are 
reported,  whloh  Indicate  that  modifying  coekplt  aounda,  to  give  them  a  synthatlo 
directional  quality,  would  Indeed  facilitate  spatial  appreciation. 


INTRODUCTION 

Much  of  tha  enhancement  of  a  pilot's  awaranasa  of  hla  situation  Is  attempted  by  supplementing  the 
Information  from  hla  own  senses,  with  that  derived  from  'artificial'  senses,  auoh  ae  radar.  However, 
while  efforts  are  being  mads  to  glva  pilots  more  than  five  aansaa,  there  seams  to  be  a  certain  amount  of 
naglaot  of  one  of  tha  originals  -  the  same  of  hearing.  The  naglaot  la  not  of  oouraa  complete,  since 
auditory  warnings  have  bean  davsloped  (eg  1),  and  Direct  Voice  Output  (DVO)  may  be  sxpeotad  to 
become  Increasingly  Important.  Nevarthslssa,  If  developments  Ware  sonflnad  to  these  araaa  It  oould  be 
argued  that  tha  restriction  would  be  analogous  to  oonstralnlng  pilots  tn  use  their  eyas  solely  to  watoh 
flat  soreena:  In  saoh  oaaa  spatial  appreciation  la  rendered  If  not  Impossible,  at  least  very  difficult.  This 
paper  will  therefore  report  upon  soma  preliminary  Investigations  Into  tha  feasibility  of  employing  stereo 
sound  In  tha  cookplt.  With  positive  results,  the  ultimate  goal  would  be  for  all  signals  passed  to  a  pilot's 
headphonaa  to  be  given  a  directional  quality.  In  this  way,  warning  sounds  would  Indicate  the  direction  of 
the  threat,  and  radio  messages  from  a  wing-man  oould  appear  to  originate  from  tha  appropriate  location. 

Tha  advantages  of  using  'three-dimensional'  sound  osnnot  be  taken  for  granted.  However  precisely 
the  required  auditory  characteristics  are  synthesised  (which  la  Itself  a  problem,  to  be  addressed  later), 
the  resulting  signal  cannot  be  without  a  degree  of  artificiality,  alnoe  directional  sounds,  such  as 
warnings,  are  not  naturally  present  In  the  cockpit  (2).  Whereas  the  dlreotlonal  Information  of  a  sound  In 
an  earth-bound  situation  will  be  readily  Integrated  Into  the  overall  cognitive  analysis  of  the  situation, 
the  same  may  not  be  true  for  Inappropriately  incorporated  air-borne  sounds.  This  possible  difficulty 
may,  however,  serve  as  an  Indloatlon  of  the  potential  value  of  looallzabla  sounds.  Juat  as  they  are  In  a 
sense  artificial,  so  too  la  muoh  of  tha  visual  Information  presented  to  the  pilot.  Apart  from  hie  direct 
view  of  the  world  (whloh  may  also  be  removed  If  oookplte  ever  become  enclosed),  the  rest  of  his 
knowledge  Is  derived  from  characters  and  symbols,  displayed  on  screens,  Incorporating  this 
information  Into  a  general  awareness  of  a  altuation  of  oouraa  encounters  the  same  problems  ae  thoee 
postulated  above,  for  artificial  sound.  Part  of  the  difficulty  Ilea  In  the  need  to  translate  from  a  screen 
to  the  real  world,  but  a  further  problem  Is  the  laok  of  redundancy.  I  do  not  refer  to  redundancy  within 
one  modality,  for  that  can  be  added  with  oolour,  shape,  alas  and  eo  on.  The  redundancy  which  Is  missing 
Is  Inter-modal,  or  between  the  senses.  In  everyday  situations  It  le  the  norm  for  sight  and  hearing  to 
provide  complementary  Information  about  events  and,  as  le  the  nature  of  redundancy,  It  Is  likely  that 
tha  combined  Information  leads  to  faster  responses  than  v  <e  triggered  by  either  stimulus  alone. 
Consequently,  It  le  worth  considering  that  In  the  oookplt,  alth.  both  visual  displays  and  stereo  sound 
have  their  weakneees,  together  they  may  significantly  enhance  the  assimilation  of  Information.  The 
first  experiment  to  be  reported  examined  the  extent  of  any  Interaction  between  Inter-modal  spatial 
Information. 
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EXPERIMENT  I 

If  it  li  contemplated  to  uu  storoo  sound,  at  an  enhancement  to  visually  prassntad  spatial 
Information,  than  It  must  ba  damonatratad  that  tha  audio  matarlal  Is  roadlly  analysad,  along  with  tha 
visual  counterpart,  A  usaful  avsluatlon  taohnlqua  for  suoh  a  situation  Involvas  tha  application  of  tha 
Stroop  sffact  (3).  In  Its  usual  form,  tha  Stroop  atfoct  la  damonatratad  by  asking  a  subjeot  to  nama,  as 
quickly  as  possibla,  tha  saquanoa  of  oolourad  Inks  usad  to  wrlta  a  Hat  of  words.  This  Is  not  gsnsrally  a 
vary  difficult  task,  unlsss  tha  words  themselves  are  colour  namas,  not  matohlng  tha  Inks  In  which  thay 
ars  written.  In  that  situation  tha  subjaet's  rssponsa  rata  Is  slowed,  and  thara  Is  a  considerably  greater 
error  rata.  In  attempting  this  ekerelse;  tha  subjeot  Is,  of  course,  trying  to  avoid  assimilating  tha 
textual  Information:  It  Is  not  relevant  to 'the  task  requirements  and  only  serves  to  make  tha  activity 
mors  difficult.  Nevertheless,  tha  obvious  confusion  suffered  by  tha  subjeot  provides  dear  evidence  that 
tha  words  are  being  read.  Although  the  precise  mechanisms  underlying  the  confusion  are  still  a  mattar 
for  debate  (eg  4,  6),  Nalsh  (6)  has  shown  that  a  lack  of  complete  understanding  does  not  preclude  the  use 
of  the  effeot,  aa  a  tool  In  other  Investigations.  The  rationale  behind  using  the  Stroop  affect  In  this  way 
la  aa  follows:  If  a  source  of  Information  osn  ba  shown  to  Interfere  with  responses  to  other, 
simultaneously  presented  Information,  than  tha  Interfering  matarlal  must  have  bean  raoelving  analysis. 
Moreover,  slnoe  It  may  be  presumed  that  subjects  wilt  have  attempted  to  avoid  the  Interference,  It 
must  be  accepted  that  the  analysis  was  automatlo.  It  follows  that,  If  It  la  not  possible  to  Ignore 
Information  when  It  la  damaging,  then  It  will  certainly  also  be  processed  when  It  Is  potentially  useful. 

This  prlnolple  was  employed  In  the  first  experiment,  A  more  detailed  description  of  the 
methodology,  together  with  a  complete  analysis  of  the  results,  will  be  presented  elsewhere.  In  the 
present  paper,  sufficient  details  will  ba  given  to  make  the  technique  and  the  relevant  results  olaar. 

Method 

Subjects  ware  required  to  respond  to  a  series  of  composite  stimuli,  generated  by  a  oomputsr, 
which  also  monitored  and  timed  subject  responses,  Each  stimulus  Incorporated  the  concepts  of  LEFT, 
RIGHT  and  CENTRE,  presented  In  four  different  ways.  On  eaoh  trial,  one  of  these  words  was  displayed 
upon  the  computer  vdu,  appearing  either  In  the  centre  of  the  screen,  to  the  left,  or  to  the  right. 
Simultaneously  with  this  visual  presentation,  subjects  heard  one  of  the  words  left,  right  or  centre, 
epekan  over  stereo  headphones,  (Tha  voloe  was  recorded  as  digitised  speech,  stored  In  computer 
memory  and  replayed  via  a  dlgltal-to-analogue  converter,)  The  speech  was  also  presented  so  as  to 
seem  to  come  from  the  left,  the  right,  or  the  centre.  During  a  sequenoe  of  trials,  all  possible 
combinations  of  these  four  attributes  were  presented  to  subjects.  Conaequently,  In  some  esses  the 
oomposite  was  entirely  oongruant,  to  the  text,  Its  position  on  the  soreen,  the  spoken  word  and  Its 
peroelved  location  all  conveyed  the  same  concept.  On  other  occasions,  one  or  more  of  the  components  of 
the  stimulus  oould  disagree. 

For  each  trial  the  subjeot  was  given  a  oua,  displayed  on  the  eomputer  screen,  Indicating  to  which 
of  the  four  aspects  of  the  stimulus  the  attention  wae  to  be  directed.  The  subject's  response  was  made 
by  pressing  one  of  three  touch  pads,  placed  In  a  row  and  corresponding  to  LEFT,  CENTRE  and  RIGHT. 
Thus,  for  example,  on  a  particular  trial  the  subjeot  might  be  given  the  cue  TEXT,  and  be  presented  with 
the  Word  'right1,  printed  to  the  left  of  tha  screen,  while  hearing  the  word  ’oentre'  In  the  right  ear.  The 
oue  would  dlreot  the  subject  to  respond  on  the  basis  of  the  printed  word,  and  henoe  to  press  the  right 
hand  button.  In  this  example,  the  auditory  location  (although  not  the  spoken  word)  would  agree  with  the 
selection  of  'right',  so  that  one  other  attribute  was  congruent  with  the  target.  In  general,  3,  8,  1  or  0 
other  attributes  oould  agree  with  the  required  response, 

Results 

It  was  reasonable  to  sxpeot  that  the  extent  of  the  oongruenoy  between  a  target  attribute  and  the 
remaining  three  components  of  a  stimulus  would  affect  response  times.  Figure  1  summarises  results, 
which  are  the  mean  reaction  times  of  eight  subjeets,  to  stimuli  of  Increasing  degree  of  mismatch.  As 
oan  be  seen,  the  expected  trend  Is  largely  present  and  Page's  L  Test  shows  It  to  be  statistically 
slgnlfioant  (p  ■  0.08).  Clearly,  eomplete  oongruenoy  between  stimulus  components  (/e  all  three  non* 
target  attributes  congruent  with  the  target)  leads  to  the  fastest  response  times.  Even  the  presence  of  a 
single  mismatching  eomponant  produces  a  marked  slowing,  Responses  ars  still  further  delayed,  If  only 
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on*  or  no  othor  component*  igrM  with  tho  target,  although  thee*  two  eltuatlon*  eeem  to  produce  equally 
alow  reaetlon*. 


Figure  1  Eftecta  of  Increailng  Inoongruency  upon  motion  time* 

The  above  reeulta  demonstrated  that  a  tingle  Inaongruant  element  within  the  oompoalte  etlmulu* 
would  Impair  reeponie  time*,  Slnoe  attention  tend*  to  be  directed  to  a  modality,  it  waa  predicted  that 
the  tingle  mlimatoh  would  be  moot  damaging  whan  occurring  In  the  aame  modality  at  the  target.  For 
example,  tuppoae  a  tubjeot  war*  Imtrueted  to  raapond  on  the  baalt  of  the  epoken  word.  It  would  then  be 
plautlble  to  tuppot*  that  an  Inoongruent  looatlon  by  ear  would  be  more  damaging  than  either  a 
mlamatchlng  toreen  looatlon  or  printed  word.  The  prediction  waa  tupported,  with  mean  reepona*  timet 
to  aame  modality  mlematohe*  being  1S8  mi  longer  than  mlematohet  In  the  other  modality.  The 
difference  waa  elgnlflcant  (p  <  0.028,  1 -Tailed). 

Dltoueelon 

The  reaulta  are  a  atrong  indication  of  the  datlrablllty  of  ropreeentlng  ipatlal  Information  by 
oomblnlng  aa  many  oongruenl  atlmulua  attribute*  ae  poealbli.  Title  li  not  unexpected,  tlnoe,  at  wat 
pointed  out  In  the  Introduction,  It  I*  the  normal  earth-bound  experience  for  visual  and  auditory 
Information  to  convey  the  aame  'meaaag*',  Parhtpa  of  more  Interest  i*  the  finding  that  a  failure  to 
deliver  oongruenl  Information  la  moat  damaging  whan  the  mlimatoh  ocourt  In  the  target  modality.  The 
Implication  of  this  la  that  reaponaaa  to  auditory  elgnala  In  a  cockpit  would  be  algnlfloantly  fatter,  It  the 
toundt  alto  conveyed  an  appropriate  dlreotlonal  tarnation, 

Having  concluded  that  there  are  potential  benefit*  to  be  derived  from  the  uae  of  locallzabl*  toundt, 
attention  muat  now  be  turned  to  the  queatlon  of  how  euoh  aounde  ahould  be  produced.  At  first,  thli  may 
eeem  a  relatively  trivial  problem,  alno*  there  la  no  rsaton  why  a  pilot  wearing  haadphonee  ahould  not 
reealve  a  eterao  pair,  rather  than  an  Identical  mono  algnal  to  each  ear.  However,  the  dlreotlonal 
oharacterlktloa  would  have  to  be  aynthealzed,  alnce  auditory  warnlnga  and  mettagea  In  the  cockpit 
environment  are  not  Intrlnaioally  looallzabl*.  Warning  aoundt  could  In  prlnolpl*  be  recorded  In  atereo, 
for  play-back  when  required,  but  a  problem  would  erlaa  whan  the  pilot  turned  hie  head.  Slnoe  the  tound 
aouroe  ahould  aeem  to  atand  atlll,  It  would  be  naeeaatry  to  modify  the  algnal,  to  repreaent  a  new 
direction  In  relation  to  the  head.  The  required  head  poeltlon  tending  Is  achievable,  but  ere  a  multitude  of 
recording*,  for  every  possible  head  angle,  a  feasible  option?  Even  It  the  answer  were  ‘Yea',  It  would 
not  be  a  technique  that  oould  be  uted  for  radio  mettagea,  which,  being  unpredictable,  could  not  be  pre¬ 
recorded.  Since  the  only  viable  approach  would  teem  to  be  to  synthesize  the  correct  tound 
oharaoterlatloa,  It  It  necessary  to  examine  the  precise  nature  of  the  direction  signature  oarrlad  by 
natural  aoundt,  and  which  It  would  be  hoped  to  reproduo*, 
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Auditory  looallntlon  auto 

Tha  mtura  of  tha  cues'  which  anabla  tha  direction  of  a  sound  aouroa  to  ba  parcalvad  hava  been  tha 
subject  of  research  for  a  considerable  time  (7).  Good  aocounts  have  been  published  of  tha  mechanisms 
Involved  (aaa  for  example  8),  and  only  a  brief  explanation  will  ba  given  hers. 

Tha  brain  utilises  two  olassae  of  Information,  which  the  ears  extraot  from  a  sound:  temporal  and 
spaetral.  Figure  2  represents  sound  wavss  approaehlng  t  listener  from  front  right.  It  will  ba  soon  that, 
whan  tha  sound  first  started,  tha  vibrations  of  tha  air  must  hava  reached  the  right  ear  before  tha  left. 
Tha  size  of  tha  timing  disparity  will  depend  upon  tha  souree/head  angle,  and  for  sounds  dlreotly  to  one 
side  of  tha  head  tha  delay  to  the  distant  oar  Is  of  the  order  of  700  ps.  It  Is  also  apparent  that,  as  wall 
as  tha  time  dlffarenoa  at  tha  start  of  a  sound,  tha  same  disparity  Is  oontlnually  raflseted  In  the  phase 
dlfforanoo  between  tha  two  oars.  Honoa,  at  the  moment  represented  In  the  Figure,  the  right  ear  Is 
experiencing  a  maximum  In  air  pressure  (a  wavs  crest),  while  for  the  left  that  partloular  orast  Is  yet  to 
arrive.  Tha  brain  uses  such  phase  dlffaraneas  for  direction  estimation,  although  It  only  does  so  for 
sounds  with  fraquenolas  lowar  then  approxlmataly  1800  Hz.  This  restriction  arises,  alnoe  at  high 
frequenoles  tha  spacing  between  wave  orests  Is  lass  than  that  between  the  ears,  so  a  given  phase 
dlfferenoe  oould  be  produeed  by  more  than  am.  sound  direction.  The  look  of  sensitivity  to  phase  at 
shorter  wavelengths  thus  avoids  the  problem  of  ambiguity, 


Figure  2  A  representation  of  sound  waves  passing  a  listener 

Although  higher  frequenoy  sounds  oannot  supply  useful  phase  Information,  they  do  give  rise  to 
lnter*aural  spectral  differences*  Figure  2  also  represents  the  shadowing  etfeot  of  the  head,  with  sound 
waves  to  the  left,  away  fiom  the  sound  souroe,  being  of  smaller  amplitude.  In  other  words,  the  left  ear 
signals  a  quieter  sound  than  tha  right.  This  Intensity  dlfferenoe  Is  also  used  by  the  brain,  and 
Interestingly,  It  complements  the  phase  cue  by  becoming  unavailable  at  wavelengths  longer  than  the  head 
width.  This  la  because  sound  waves  bend  round  obstaoles  smaller  than  their  wavelength,  so  easting 
negligible  shadows.  Blnoe  most  sounds  (apart  from  pure  tones)  oomprlse  a  mixture  of  frequenoles,  the 
preferential  ahadowlng  of  the  higher  frequenoy  components  gives  rise  to  a  dlfferenoe  between  the 
overall  spectra  received  by  the  two  ears, 

As  well  as  the  speotral  effeots  of  shadowing,  the  pinnae  (ear  flaps)  cause  more  subtle  modification 
of  the  received  sounds:  an  effect  also  monitored  and  utilised  by  the  brain.  The  way  In  which  this  efteot 
Is  brought  about  Is  shown  dlagrammatleally  In  Figure  3.  Bound  wsves  entering  the  ear  may  do  so  by 
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passing  directly  down  the  auditory  canal,  or  after  reflection  In  the  folda  of  the  outer  ear.  Eventually, 
wave*  from  the  different  routea  join  together,  and  will  mutually  Interfere.  The  Interference  arlaea  ae  a 
remit  of  phaee  difference*  between  the  wave*,  oaueed  by  the  different  path  length*  covered. 


Figure  3  Section  through  pinna,  ahowlng  direct  and  reflected  wavei 

The  reeultlng  combined  wav*  may  be  of  high  amplitude  (loud),  If  the  wavea  happen  to  end  up  In 
etep,  or  may  be  effectively  ebeent,  If  there  la  a  half  wavelength  dltorepaney.  In  a  complex  eound,  of 
many  frequenclee,  the  net  raiult  le  that  aome  component*  will  be  received  with  muoh  more  Intensity 
than  other*,  but  which  onea  are  affected,  and  by  how  muoh,  will  depend  upon  the  angle  at  which  the 
Incident  wave*  strike  the  pinna.  The  prooeat  la  directly  analogoua  to  the  colouring  of  white  light,  when 
It  la  reflected  almultaneouely  from  the  upper  and  lower  aurfaoea  of  an  oil  film  on  a  puddle. 


Figure  4  The  eound  of  a  'clap',  recorded  at  the  left  and  right  care 

Figure  4  reveal*  the  combined  effect  of  the  meoheniam*  deacrlbed.  It  ahowa  the  waveform* 
recorded  In  the  left  and  right  ear*  of  a  listener,  when  reoeivlng  the  eound  of  a  single  hand  olap.  The 
sound  originated  from  the  front-left  of  the  listener,  and  It  will  be  seen  that  corresponding  features  In 
the  two  wavs*  arrived  earlier  In  the  left  channel,  It  Is  also  olear  that  the  overall  amplitude  at  the  mere 
distant  right  ear  was  reduced,  snd  that  there  Is  a  particular  reduction  in  the  higher  frequencies, 
revealed  In  the  smoother  outline  of  the  right  waveform. 
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Tha  simulation  ol  loealliatlon 

An  Waal  almulatlon  would  anampt  to  aynthaalas  all  thraa  ot  lha  abovs  ouaa,  for  praaantatlon  to 
tha  llatanar,  but  they  ara  not  aqually  aaay  to  ganarata  and  may  not  all  ba  aatantlal.  Tha  tamporal 
dlaparltlaa  (onaat  tlmaa  and  phaia  dlffaranoaa)  ara  tha  aaaiaat  to  craata,  alnca  It  la  only  raqulrad  to 
Introduoa  a  dalay  In  tha  algnal  path  to  ona  or  othar  oar.  Ol  courts,  for  real-time  changaa,  the  axtant  of 
tha  dalay  would  hava  to  vary  with  tha  almulatad  head/source  angla,  but  modarn  digital  teehnlquas  can 
readily  aehlava  lha  daalrad  affaots,  It  la  Intaraatlng  to  nota  that  commorolal  raeordlng  companlae  avoid 
tamporal  dlffaranoaa  botwaan  raoordad  atarao  ohannoli,  alnoo  for  play  back  vln  loudapaakara  tha  timing 
affoota  would  only  ba  praaorvad  for  llatanara  alttlng  exactly  midway  batwaen  tha  apaakara.  8uoh 
rsoordlnga  roly  only  upon  tha  amplltuda  dlffaranoaa  botwaan  tha  laft  and  right  ehannals.  To  almulata 
thoaa  amplltuda  dlffaranoaa  la  allghtly  lasa  almpls:  ovarall  amplltuda  changaa  ara  aaally  Introduced,  but 
It  will  ba  raoallbd  that  shadowing  la  moat  markad  at  tha  hlghar  fraquoneloa,  ao  thora  la  a  naad  for 
aalootlva,  fraquancy  dopandant  attanuatlon,  Tha  aubtla  oolouratlons  of  tha  sound  Impartsd  by  tha  aar 
flaps  rsprosant  tha  graataat  ehallsnga  to  almulatlon,  Thara  would  ba  a  naad  to  proeaaa  laft  and  right 
ohannola  aaparataly,  passing  aach  through  a  comb  flltar,  with  avar-ahlftlng  pass  and  stop  bands.  Tha 
temptation  la  that,  If  any  cue  la  to  bo  omlttod,  than  this  should  bo  It,  Unfortunatsly,  tha  affacta  of  tha 
plnnaa  ara  Important,  and  without  thalr  sound  modifications,  souroas  tand  to  bo  peroalvad  aa  balng 
latarallsad  Inside  tha  head,  rather  than  appearing  to  exist  at  a  point  outaldo  the  observer  (0,  10,  11), 
Navarthaloss,  slnoa  It  seamed  likely  that  even  a  rather  unsophisticated  atarao  almulatlon  would  ba 
batter  than  none,  It  waa  decided  that  an  Initial  exploration  would  not  attempt  to  mlmlo  pinnae  effeots. 
Moreover,  tha  grosser  apeotral  effects  of  head  shadowing  would  only  ba  represented  relatively  crudely. 
Tha  preolsa  nature  of  tha  sounds  used,  and  the  means  of  synthesising  them,  have  been  reported  (12),  but 
the  significant  features  of  tha  experiment  ara  described  below. 


Figure  S  Arrangement  of  apparatus  In  Experiment  II 

IXPIRIMINT  II 
Rationale 

Tha  experiment  waa  designed  to  determine  whether  atarao  warning  sounds  would  allolt  faster 
rasponaas  than  simple,  'mono'  sounds.  Figure  8  conveys  the  nature  of  tha  set-up.  Subjeots  eat  at  an 
Apple  oomputar,  which  controlled  the  administration  of  a  simple  tracking  task.  Tha  hoop,  around  tha 
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subjeot'a  head,  support'd  sight,  squally  apaoad  light  omitting  diodes  (LEDs),  and  from  tlmo  to  tlma, 
whlla  tha  aubjast  waa  traoklng,  an  LED  was  tumad  on  by  ths  oomputsr.  Having  dataetad  this,  tha 
aubjaot  was  raqulrad  to  antar  Iho  LED'i  numbar  (1  to  S)  on  tha  oomputsr  ksyboard.  Tho  tlma  from 
awlteh  on  to  antry  waa  recorded  automatically,  and  tho  LED  waa  extinguished.  Tha  aubjaot  wora  a  pair 
of  haadphonaa,  and  a  computer-generated  warning  sound  could  bs  dallvarad  over  ths  'phonas,  whan  an 
LED  waa  lit.  Thaaa  scundi  could  ba  glvan  a  aynthatlc  dlractlonal  quality,  Intandad  to  convey  the 
aansatlon  of  coming  from  ths  direction  of  the  Illuminated  LED. 

Tha  sounds  oonslatad  of  brief  'bleeps',  comprising  a  range  of  frequencies,  As  In  Experiment  1,  tha 
signals  to  ths  two  aara  were  Independent,  and  wars  sent  from  the  computer,  via  dlgltal-to-analogua 
converters,  It  will  ba  seen  In  Figure  S  that  an  arm  la  shown,  oonnaoted  to  tha  headband  of  the  subjeot'a 
'phones.  This  waa  a  pivoted  arm,  whloh  did  not  greatly  Impede  the  subjeot'a  movements,  but  supported 
a  potentiometer,  used  to  monitor  haad  position,  The  computer  used  tha  dlreetlon-of-regard  Information 
to  manipulate  the  sound,  so  that  Its  direction  would  seem  to  be  constant,  even  whan  tha  subject  turned 
to  find  tha  LED.  Tha  phase  characteristics  of  the  sound  changed  smoothly  with  head  movements,  That 
la,  tha  timing  differences  between  the  two  ears  faithfully  emulated  those  to  be  expected  from  a  real 
sound  souroe.  However,  the  ohangaa  In  amplitude  of  the  different  components,  auoh  as  would  have 
ocourred  through  haad  shadowing,  ware  only  made  In  rather  coarse  steps.  Only  eight  digitised  versions 
of  tha  sounds  had  been  stored,  each  with  a  different  spectral  composition.  Consequently,  Instead  of 
changing  smoothly  with  haad  movements,  tha  tonal  quality  of  tha  sound  could  only  be  altered  In  discrete 
steps,  every  22.6  degrees  of  head  rotation. 

Method 

Subjeote  sat  at  the  oomputsr  and,  fallowing  Instructions  and  Initial  praetloe,  began  to  oarry  out 
the  traoklng  task.  This  required  tha  subjeot  to  use  a  joystick,  In  order  to  keep  a  croaa  In  a  moving 
square,  on  the  computer  vdu.  Throughout  the  experimental  period  traoklng  performance  waa  monitored. 
Once  the  subject  hud  L  rooms  familiar  with  the  traoklng,  the  firat  LED  signal  ocourred.  The  oholoe  of  LED 
was  random,  eaoh  of  the  eight  being  used  three  times  in  a  block  of  trials.  Onoe  the  subjeot  had 
extinguished  tha  light,  by  typing  Its  number  (whloh  waa  printed  on  the  hoop,  beside  the  LED),  there 
followed  a  random  Interval  of  between  4  and  Ik  seconds,  before  tha  next  LED  was  turned  on,  Traoklng 
continued  during  the  inter  stimulus  Intervale.  Three  types  of  trial  block  were  used:  with  no  warning 
sounds,  with  centralised  bleeps,  or  with  looailisd  warnings.  In  the  case  of  the  eentral  bleeps,  tha  two 
ears  reoelvad  Idantleal  signals,  whloh  did  not  change  with  head  angle.  Subjects  were  Informed  prior  to  a 
block  whether  sounds  would  be  used,  and  In  tha  localised  condition  were  told  that  the  bleeps  may  seam  to 
ooma  from  tha  light  direction.  The  order  In  which  the  three  conditions  ware  presented  was 
counterbalanced  aorose  subjects. 

Results 

Not  surprisingly,  the  tracking  performance  was  poor  In  the  no  warning  condition,  since  eubjects 
were  required  continually  to  look  away  from  the  task,  to  oheok  on  the  LEDs.  Performance  In  the  bther 
two  oondltloha  waa  batter,  with  no  significant  difference  between  them,  since  In  either  case  a  subjeot 
oould  concentrate  upon  tha  tracking  task,  until  a  warning  waa  given.  Tha  times  to  respond  to  the  signals 
are  shown  graphically  In  Figure  6,  Responses  In  the  silent  condition  wars  predictably  slower  than  In  tha 
warned  conditions,  but  of  more  Interest,  responses  following  localized  warnings  were  significantly 
(p  <  0.01 )  faster  than  with  eentral  bleeps. 

Dlaeueelon 

At  Just  over  300  ms,  the  time  saving  when  responding  to  localized  warnlnge  was  not  great. 
Nevertheless,  one  third  of  a  aeoond  le  not  a  negligible  Interval,  In  the  oookplt  of  a  fast  Jet,  An 
examination  of  Individual  responses  revealed  considerable  Inter-subjeot  dlfferenoes,  and  Indeed, 
differences  In  response  tlmee  to  different  looatlons,  for  a  given  subject,  Thla  eftaot  must  hevs  been 
due,  at  least  In  part,  to  the  nature  of  the  localization  cues.  For  the  experimenter,  the  directional  bleeps 
permitted  large  time  savings,  because  he  had  considerable  experience  of  the  stimuli,  but  some  subjects 
appeared  to  gain  relatively  little  from  the  directional  warnings,  particularly  for  some  directions.  The 
experimental  subjacts  were  deliberately  only  given  practice  with  the  tracking  task,  since  In  everyday 
life  we  do  not  normally  practice  our  sound  localizing  skills.  The  fact  that  some  benefited  lose  from  the 
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directional  sounds  may  presumably  b«  attributed  to  the  lack  ot  fidelity  In  the  apeotral  cum,  although 
there  are  doubtleaa  else  Individual  differences  In  the  ability  ta  localize  natural  aounda. 


Taken  togathet,  the  reeulte  of  theae  two  experiments  are  a  atrong  Indication  that  Impoalng 
eynthetlc  direction  ouea  upon  aounda  will  facilitate  the  acquisition  of  apatlal  Information.  Moreover, 
even  rather  orudely  repreaented  localizing  ouea  oan  begin  to  yield  theae  Improvemanta.  It  la  to  be 
expected  that  a  refinement  In  the  quality  of  ouea  will  lead  to  a  greater  Improvement  In  performance. 
However,  thle  prediction  naeda  to  be  teated,  and  reaaareh  la  now  progreaalng,  ualng  a  dummy  head,  with 
mlorophonea  In  Ita  rubber  eara,  to  produce  the  required  auditory  atlmull, 

The  experlmenta  reported  In  thle  paper  have  concantratad  upon  determining  response  tlmea  to 
dlaorete  events,  alnoa  this  la  a  useful  meana  of  evaluating  aubject/etlmulue  Interaction.  Howavar,  If 
situational  awaranese  la  truly  Improved,  then,  although  reaction  tlmea  to  apeclflo  atlmull  will  of  course 
be  reduoed,  thle  will  not  be  due  simply  to  the  nature  of  those  stimuli  per  ee.  The  Improvement  will 
result  from  the  general  enhancement  of  situational  appreciation.  In  theae  preliminary  etudlee,  such  an 
overall  effect  could  not  bo  achieved,  and  Ha  damonatratlon  will  have  to  await  a  larger  aeale  simulation.-' 
II  will  oome  about  ae  a  reault  of  Imparting  an  artificial  directional  quality  to  all  auditory  elgnala.  In  thle 
way  the  pilot  would  receive  frequent  reminders  of  his  orientation,  with  respect  to  signal  souroes  both 
within  and  outside  hla  cockpit.  Early  results  of  testa  with  the  dummy  head  offer  eome  support  for  this 
statement.  Subjects  llatened  to  a  Mrlaa  of  sounde,  whloh  had  been  recorded  In  stereo,  via  the  dummy's 
eara.  Localising  accuracy  was  asMseed,  by  asking  subjects  to  mark  on  a  plan  the  position  from  which 
eaoh  sound  seemed  to  oome.  These  positions  were  latsr  compared  with  the  actual  locations  during 
rsoordlng.  The  test  was  repeated,  In  two  conditions.  In  one,  the  sounde  were  produoed  Just  as  described 
above,  but  during  the  other  trlsl  they  were  accompanied  by  a  oonstant  'bleep',  from  a  fixed  looatlon, 
marked  on  the  plan.  Thle  background  noise,  although  Irrelevant  to  the  task,  provided  a  reference  point  ■ 
effectively  Improving  situational  awarsneM.  Ths  location  Judgements  were  significantly  more  eoourete 
under  thle  condition. 

All  the  results  reported  In  this  psper  are  enoouraglng  and,  although  ears  will  never  be  as  Import¬ 
ant  to  a  pilot  as  eyes,  one  looks  forward  to  a  time  when  the  human  can  be  Just  a  little  bit  more  like  a  ball 


12-V 


RIMflENCBS 

1  Chlllary,  J.A.  and  Colllstsr,  J,  Confusion  axparlmanta  onaudltory  warning  signals  dsvslopad  for 
tha  saa  king  hallooptar.  Royal  Aerospace  Technical  Memorandum,  1SB8,  No.  F8(F)888. 

2  Nalsh,  P.L.N,  Tha  simulation  of  looallzad  sound  for  slrorsft  cockpits.  Papar  glvan  at  Ergonomics 
8oc!aty  Confaranca:  Simulation  In  tha  Development  of  Uaar  Interlaces',  Brighton,  UK,  196S. 

3  Stroop,  J.fl,  Studios  of  Intorfaroncs  In  sarlal  varbal  rasotions.  Journal  ot  Experimental 

Psychology,  IB ,  1938,  643-661. 

4  Qlasor,  W,R  and  Qlasar,  M.O.  Contaxt  affacls  In  Stroop-llka  word  and  plotura  proeasslng. 
J.E.P.:  Gonaral,  118  (1) ,  1989,  13-42, 

8  Nalah,  P.L.N,  Rstrlavsl  llmas  for  Stroop  stimuli.  Aeta  Psychologies,  70,  1989,  281-282, 

6  Nalah,  P.L.N,  Phonological  racodlng  and  tha  Stroop  aflsot.  Brltlah  Journal  ot  Psychology,  71, 

1980,  398-400. 

7  Stavons,  3.S  and  Nawman,  E.B.  Tha  localisation  of  actual  soureas  of  sound.  Amarlcan  Journal  ot 
psychology,  48,  1938,  297-306. 

8  Moors,  B.C.J.  Introduction  to  tha  Psychology  of  Hearing.  London,  Macmillan  Prass,  1977. 

9  Bsttoau,  D.W.  Tha  rola  of  tha  pinna  In  human  localization.  Proceedings  of  the  Royal  Society  B, 

188,  1967,  188-180. 

1 0  Oldfloid,  S.R,  and  Parkar,  S.P.  Acuity  of  sound  localisation:  A  topography  of  auditory  spaos.  II. 
Pinna  cuss  absant.  Perception,  13,  1984,  601-617, 

1 1  Planga,  0.  On  tha  dlfforsncos  batwaan  localization  and  latarallzatlon.  Journal  ot  the  Acoustical 
Society  ot  America,  58,  1974,  944-981. 

12  Nalsh,  P.L.N.  Tha  addition  of  localisation  ouas  to  auditory  warnings.  Royal  Aerospace 

Establishment  Technical  Memorandum,  1988,  No.  MM2. 


Copyright  <D,  Controller  HMSO,  London,  1989 


II 


I  .VI 


THE  EFFECTS  OF  ACOUSTIC  ORIENTATION  CUES  ON 
INSTRUMENT  FLIGHT  PERFORMANCE  IN  A  FLIGHT  SIMULATOR 

hy 

Terence  , I, Lyons,  Kent  K.GIIIInghnm,  Don  C’.Teee,  William  R.Ercollne  nnil  Carolyn  Oukley 
USAF  School  of  Aerospace  Medicine  itnJ  Krug  Intcrnntiniuil 
Brooks  AFB,  Texas  782.1J-S.10I 
United  States 


SUMMARY 

An  initial  ytreion  of  tn  Aoouetlo  Orlentetion  Inetrument  (AOI)--in  which  eiripeed 
wil  displayed  ■*  eound  frequency,  verticil  veloolty  ll  Amplitude  modulation  rite,  end 
benk  ingle  ee  right-left  laterallxatlon—  wn  eveluetwd  In  e  T-4Q  (Link  QAT-J)  motion- 
bleed  simulator.  Fifteen  pilot!  end  three  non-pilots  were  teught  to  uee  the  AOI  end 
flew  simulated  flight  profilei  under  conditions  of  neither  vliuel  nor  auditory 
lnitruniintition  (NO  INPUT),  AOI  signals  only  (AOI),  T-40  elmuletor  Instrumentation  only 
(VISUAL),  end  T-40  elmuletor  lnetrumentetlan  with  AOI  eignele  (BOTH) ,  Sink  control 
under  AOI  condition!  wee  eignifloently  better  then  under  the  NO  INPUT  condition  for  ell 

Mteeke,  Sink  control  under  VISUAL  oonditlone  wee  eignifloently  better  then  under 
1  condition  only  during  turning  end  when  performing  oeiteln  complex  eeoondery 
teeke.  The  pilot!1  ability  to  ues  the  AOI  to  control  verticil  velocity  end  elnpied  wee 
leee  epperint.  However,  during  etreignt-ind-levil  flight,  turni,  end  descent*  the  aoi 
provided  the  pllote  with  euffiolent  lnformetlon  to  maintain  controlled  flight,  Fectare 
of  patentill  lmportenae  In  uelng  eound  to  convey  elrcreft  ettltude  end  motion 
lnformetlon  ere  dleaueied. 


INTRODUCTION 

Spetlel  Dleorlentetlon  (SO)  le  one  of  the  major  aeueei  of  mllltery  elroreft 
eaoldentei  According  to  the  U.S.  Air  Farce  Inepeatlon  end  Safety  Center  it  he*  oeueed 
or  contributed  to  epproximetily  UK  of  ell  USAF  oliee  A  looldente  from  I960  through 
19(0.  In  1988 ,  far  exempli.  It  weu  contributory  in  12  dies  A  Hiehipe.  so  le  eleo  e 
problem  In  civil  evletloni  it  aeueei  18X  of  fete!  general  evletlon  eocldente  (1)  end 
12X  of  fetel  ilrllne  eoaidente  (2).  Commonly  SD  oacurt  ee  ■  reeult  of  diitreation  or 
teek  eeturetlon,  when  the  pllot'e  vliuel  lyetem  Le  occupied  with  proceeiee  other  then 
epetlel  orlentetlon,  euoh  ee  eeerohlng  for  other  elroreft  or  examining  eomethlng  in  the 
coakplt. 

It  le  Interesting  to  compere  the  peronntege  of  operetor-error  mUhep*  ceueed  by  so 
far  different  fighter/etteak  elroreft.  The  pircentegs  le  greeter  In  certein  newer 
elroreft,  SO  eoooimte  for  only  19K  of  F-4  eocldente  end  20X  of  F-1S  eooidente,  hut  Tor 
3SX  af  F-18  eooidente  (J).  In  meny  reepeote  our  moet  modern  elrcreft  give  leee  wernlng 
or  e  ohince  in  ettltude  then  older  model*  beoeue*  of  the  loet  of  auditory  end  other 
nan-vleuel  ouie,  An  F-4  pilot  rioognlsei  chinoei  in  elrepeed  by  the  noise  of  the  wind 
rueh  *•  epeed  lnoreieei,  The  reeponeiveneie  of  the  F-A  cohtroii  elio  ohengee  with 
airspeed,  In  the  F-U  the  quiet  oockplt  glvei  much  leee  wernlng  of  elrepeed  ohengee, 
The  F-l«  oantrol  input  le  via  preeeure  eeneoti  to  the  flight  oomputer  ("fly  by  wire"), 
giving  the  pilot  mlnimel  teotlle  or  proprlaoeptlve  reedbeak,  Meloolm  oontreit*  the 
tlohneee  of  the  eeneory  experience  of  the  Wright  brother!  flying  expoeed  co  the  wind 
end  element*  to  thet  of  the  modern  F-18  pilot  relying  only  on  oentrel  vleton  to  obtain 
ettltude  lnformetlon  from  e  2-lnoh-diemeter  flight  Instrument  (4).  The  reduotlon  In 
variety  of  eeneory  input*  laivie  the  vliuel  modality  to  oirry  moet  of  the  lnformetlon 
load  < 


The  epeoe  evellible  for  vliuel  lnetrumentetlon  ie  elec  reetrioted  in  pontemporery 
fighter  elroreft.  The  ewltoh  from  the  two-seat  F-4  to  the  eingle-iiat  F-ls  and  F-U 
helve*  the  number  of  avellebli  aookpite  for  Inetrument  pleoement,  end  eeeting  the  pilot 
high  In  the  elroreft  hie  further  reetrioted  the  eveilibli  inetrument  panel  irea  of  the 
oontemporary  fighter,  For  exempli,  the  F-4  ettltude  Indloetor  le  large  (  12. 7  cm  In 
diameter)  end  «t  Juet  below  deeign  eye  level,  In  the  F-ls  end  F-18  theee  inatrumente 
ere  emeller  (7,8  em  end  9.1  cm  in  diameter,  respectively)  end  plaoed  lower  (99  degreee 
end  29  degree!  below  deeign  eye  level,  reepeotively )  then  in  the  F-4  (9). 


Thus  two  major  problem*  In  cockpit  deeign  whlph  predispose  to  epetlel  dteorlonta- 
tlon  ere  heavy  vleual  workload  end  Inadequate  attitude  diepliyi,  A  potentiel  eolation 
for  these  problem*  Involve*  the  uee  of  other  eeneciry  modelltlee,  Investigators  have 
ihown  thet  the  pilot  om  handle  more  Information  by  uelng  other  eeneory  modelltlee  to 
■upplement  vtelon.  There  it  e  elgnlfloant  inerisiee  in  procaeeing  oepeoity  If  Both 
lnpute  and  outpute  are  on  different  modalUieei  l.e.,  apaesh  response  to  eudltory  Input 
end  manual  reiponie  to  vliuel  Input  (8).  An  obvloua  exempli  le  the  pilot  flying  an 
Inetrument  approach  end  elmulteneouely  talking  to  Air  Traffic  Control.  Auditory  eignele 
in  effeotive  for  warnings— the  everaga  reeotlon  time  to  eudltory  eignele  Is  1/8  eioond 
compared  to  1/9  eeoond  for  vleual  Input  (7). 
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By  including  directional  Inronmtlon  In  acoustic  signals  delivered  via  pitot 
headsets,  ths  number  of  possible  uses  of  acoustic  inputs  in  flight  is  increased  (S). 
Acoustic  signals  using  sound  localization,  for  example,  could  display  the  direction  of 
threats  or  other  targets  (9)(10).  Spatial  Information  delivered  by  auditory  cues  may 
be  mere  compelling  than  visual  input  and  produce  less  Interference  with  other  Inputs 
(9}<a)(ii). 

The  possibility  of  using  eooustto  signals  to  convey  flight  control/perf ormtnee 
Information  was  demonstrated  In  flight  as  early  as  1936  (12).  in  1949  Forbes 
demonstrated  that  auditory  signals  for  at  least  threo  control/performance  perimeters 
(for  example!  turn  rate,  bank  angle,  end  airspeed)  were  needed  to  maintain  controlled 
stralght-end-level  flight  In  an  aircraft  simulator.  After  training  for  one  hour  pilots 
were  note  to  attain  performance  levels  comparable  to  those  obtsined  with  visual 
Instruments  (13).  Neither  of  the  above  Investigators  provided  Information  concerning 
the  vertical  motion  of  the  aircraft  < 1 . e . .  pitch,  altitude,  or  vertical  velocity).  In 
19*8  Cornell  Aeronautical  Laboratory  evaluated  the  feasibility  of  using  aeouitle 
signals  to  present  glide  path  Information  (14).  In  1992  Humphrey  designed  a  system 
using  acoustic  signals  to  provide  altitude  Information  end  course  guidance  (19). 

Sound  proved  to  be  most  useful,  and  was  easy  ta  letrn,  when  It  represented  only  one 
dimension  of  aircraft  attitude  (16),  Bills  used  pulse  rata  to  present  airspeed 
Information  to  ■  pilot  subject  performing  a  visual  tricking  task  In  i  flight  simulator 
(17),  This  was  the  first  study  to  quentlfy  performance  when  acoustic  signals  ware  used 
end  to  analyze  results  st it  1  it  leal ly .  Pilot  performance  was  significantly  better  with 
the  sound  presentation  alone  than  with  the  visual  airspeed  Instrument  alone.  Hesbrook 
evaluated  pilot  performance  with  aural  Input,  visual  Input,  and  both  Inputs  combined  to 
control  of  e  single  parameter  (glide  slope)  (IB).  After  only  20  minutes  of  practlc", 
his  pilots  showed  no  significant  differences  In  performance  between  the  different 
display  modes. 

None  or  the  above  Invest Igetors  evaluated  a  system  capable  of  providing  aircraft 
control  through  a  verlety  of  maneuvers  such  is  turns,  descents,  ate.  Neither  did  these 
Investigators  evaluate  the  effect  of  these  acoustic  signals  on  the  ability  of  pilots  to 
perform  other  cockpit  tasks,  although  Forbes  demonstrated  that  these  auditory  signals 
did  not  Interfere  with  radio  trerismlss Ions .  Hesbrook  specifically  exempted  the  pilot 
from  district  Ing  tasks  In  order  to  test  the  acoustic  device. 

We  were  interested  In  the  pairing  of  acoustic  signal  perimeters  with  aircraft  state 
peremetsrs.  OeFlorez,  Forbes,  Humphrey,  end  Cornell  all  used  some  variation  of 
lntereural  Intensity  differences  to  convey  Information  about  turn  or  course  deviations, 
sound  frequency  (aural  pitch)  was  variously  used  to  Indicate  bank  angle  (13),  altitude 
(19),  cr  deviation  f rom  gl  Ideslopt  (14).  Forbes  suggested  using  slgnels  that  "sounded 
Ilka  the  behavior  of  the  airplane"  such  as  e  putt-putt  sound  for  airspeed.  Other 
Investigators  (a.g.,  Hesbrook),  however,  have  been  successful  In  using  sounds 
arbitrarily  assigned  to  a  parameter;  for  example, the  Murse  code  "A"  ("dlt  dah")  for 
above  glide  slope  and  the  Morse  code  "N"  ("dan  dlt")  for  below  glide  slope. 

Aoouitlc  signals  have  been  used  operittonel ly  only  to  present  pilots  with 
Information  on  a  tingle  flight  parameter.  Early  low  f requenoy/medlun  frequency 
navigation  signals  repreienled  course  deviation  with  an  acoustic  signal;  a  Morsu  code 
"A"  for  ona  direction  and  a  Morse  code  "N"  for  the  other.  These  slgnels  would  fuse  Into 
■  steady  tone  of  1,020  Hz  when  the  elroreft  was  on  course  (19)(20).  The  F-4  currently 
Incorporates  an  angla-of -attack  (AOA)  euril  tone  Indication.  Changes  In  both  pitch  and 
pulie  rate  Indicate  changes  In  AOA,  thus  helping  pilots  recognize  dangerously  high 
aqa* i  end  also  assisting  them  In  maintaining  constant  AOA  on  final  approach. 

To  free  the  pilot's  visual  system  from  the  tesk  of  constantly  monitoring  aircraft 
attitude  and  motion,  we  nrnvlried  the  nllnt  with  eurlltnry  sn„tl«l  orientation 
Information  by  means  of  a  complimentary  flight  Instrument  billed  an  "acoustic 
orientation  Instrument"  (AOI).  The  purpose  of  this  Invest Igit Ion  was  to  evaluate  the 
ability  of  pilots  to  use  sound  signals  to  hetp  control  an  aircraft  In  flight  at  times 
when  their  vision  Is  occupied  with  tasks  ether  then  primary  aircraft  control.  The 
premise  Is  that  tha  additional  aurolly  presented  aircraft  control  Information  will  help 
pilots  to  fly  with  greatar  precision  end  safety,  is  thay  will  be  less  likely  to  became 
spatially  disoriented.  Thla  study  wet  designed  to  examine,  In  a  flight  simulator,  the 
ability  of  pilots  to  use  an  Instrument  that  encodes  aircraft  flight  parameters  Into  an 
acoustic  signet  for  controlling  aircraft  attitude  end  motion. 


MATERIALS  AND  METHODS 

Flight  maneuvers  were  performed  by  the  aubjects  In  the  USAF  School  of  Aaroapece 
Medicine  (USAFSAM)  T-40  (Link  OAT-3)  flight  simulator  equipped  with  an  Acoustic 
Orientation  instrument  (AOI).  This  simulator  Incorporates  motion  with  up  to  13  dsgrees 
nf  nose-up  end  i  degrees  of  nose-dawn  pitch  rotation  and  13  degree!  of  right  and  left 
roll  rotation;  It  employs  the  usual  washout,  waihbick,  and  scaling  common  to 
sophUtlcatid  motion-based  flight  simulators.  Ambient  noise  levels  In  thla  simulator 
were  manured  with  thlrd-ootive  bands,  i.avalt  peaked  st  20  Hz  (82  dB)  end  120  Hz  (76 
dB).  Above  120  Hz  noise  levels  steadily  decreased.  From  these  measurements  we 
determined  that  a  reasonable  operating  r«nge--200  Hz  end  ebave--w»j  available  for 
auprethreahold  uae  of  the  acoustic  device  without  overstimulation. 
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The  AO  I  converted  aircraft  flight  data  into  auditory  information  by  ahaplng  an 
acouatic  algnal  delivered  to  the  pilot  through  earphones.  The  hui  was  controlled  by  the 
relatively  slowly-varying  analog  signals  from  the  simulator!  these  signals  also 
controlled  the  roadtngs  on  the  traditional  dial  indicators  for  instrument  flight,  for 
this  experiment  the  AOI  mapped  the  changes  in  threa  flight  parameters  upon  different 
dimension*  of  ana  acouitic  algnal, 

Airspeed  was  rapraaantad  aa  fraqutnoy  (repetition  rata)  of  a  square  wave  which 
increased  aa  airspeed  increased.  The  square  wtve  is  operated  upon  to  conatruot  the 
other  acoustic  signals.  The  naan  or  center  frequency  of  th*  acoustic  signal 
representing  airspeed  wet  monotonlcally  related  to  airapaadt  a.g.,  in  airspeed  of  100 
knota  would  create  a  100-Hr  acoustic  signal,  and  an  airspeed  of  600  knots  would  create 
a  2,000-hi  signal. 

Bank  angle  waa  Indicated  by  intaraural  intensity  dif  feranota— the  signal  amplitude 
in  the  ear  on  the  tame  aids  as  the  direotion  of  the  bank  waa  increased  and  the 
amplitude  in  the  othar  ear  waa  dtereaaad.  The  simulator  control  algnal  for  bank  was 
used  to  control  a  digital  attenuator  in  tha  AOI  to  rtduea  the  acoustic  signal  to  one 
ear.  Intaraural  intensity  differences  wara  not  auffielant  to  allow  suitable 
disarlmlnation  of  bank  angles  over  tha  desired  full  range  of  +  /-30  degrees  of  simulator 
bank,  la  therefore  sat  limits  In  tha  AOI  to  thst  tha  intaraural  intensity  difference 
reached  its  maximum  at  ♦/-  3  dsgreaa,  for  simulated  bank  angles  greater  than  33  degrees 
a  "wavering"  sound  waa  created  by  modulating  tha  square  wave  amplitude  to  warn  tha 
pilot  that  th*  bank  angle  was  extreme.  Aural  presentation  of  bank  angle  Information 
raquirad  stereophonic  earphones:  we  used  conventional  Koss  k-6  "hi-fi"  phones. 

Vertical  velocity  was  represented  by  modulating  tha  amplitude  anvalopa  of  tha 
square  wave,  whan  altitude  was  neither  lost  nor  gained  there  was  no  temporal  modulation 
of  the  aoouitlo  algnal.  khan  vertloal  velocity  exceeded  100  ft/min  amplitude  modulation 
CAM)  was  imposed  upon  tha  signal.  Tha  rata  of  change  of  the  signal  amplitude  was 
proportional  to  tha  vertical  velocity.  Whan  the  simulated  aircraft  descended  tha 
amplitude  nf  tha  algnal  baoama  greater  in  a  crescendo  fashion.  Whan  the  sound  intensity 
reached  a  predetermined  maximum  laval,  the  intansity  returned  to  a  predetermined 
minimum  and  roaa  again,  thus  ganaratlng  a  sawtooth  modulation  of  atimulua  amplitude.  A 
climb  caused  a  decraicando  algnal.  with  the  rata  of  fall  in  algnal  amplitude 
proportional  to  tha  aacant  rata  of  th*  aircraft. 

Fifteen  pilot  volunteer*,  either  military  or  civilian  pilots  with  an  Instrument 
rating,  ware  selected  to  participate  in  th*  study.  Madlcal  requirements  included  th* 
possession  of  ■  USAF  Flying  Class  II  or  an  FAA  Class  III  medical  certificate  and  an 
affirmation  by  the  pilots  thst  they  had  no  eymptoma  rafsrabla  to  balance  and  hearing. 
Three  nnn-pilot  subject*  wara  also  instructed  in  simulator  flying  and  tasted.  All  of 
the  Bubjecti  were  allowed  to  practice  flying  tn*  simulator  ad  lib  both  with  and  without 
the  AQI  until  they  fait  competent  to  fly  tha  simulator  under  both  condition*.  Most  of 
the  subjects  practiced  a  total  of  about  two  to  threa  hour*.  The  actual  experiment 
consisted  of  a  simulator  flight  lasting  approximately  on*  hour. 

Variables  recorded  insludad  airspeed,  bank  angle,  vartioal  valoolty.  altltuda,  and 
heading,  Airapaad,  bank,  and  vertical  valooity  had  aoouitlo  analogs,  while  altitude  and 
heading  did  not.  Tha  voltage  signals  repreianting  aaoh  variable  wara  sampled  at  200 
msec  Interval*,  converted  to  appropriate  units  (a.g.  ft/min  for  vartioal  velocity),  and 
printed  out.  For  statistical  analyses,  the  mean  squared  error  (MSE)  and  mean  absolute 
error  (MAE)  of  deviation  from  desired  valuta  for  aaoh  of  tha  flight  parameters  of 
lntari.it  wars  calculated  for  aaoh  critical  1-  or  2-mlnute  segment  of  tha  protocol. 

Excerimant  1.  Tha  purpose  of  this  firet  aariea  of  experimental  simulator  flights 
was  to  evaluate  the  ability  of  pilots  to  uas  aural  signals  to  perform  a  variety  of 
flying  tasks.  Each  subject  flaw  a  series  of  basic  aircraft  control  manuver*  which 
Included  straight  and  level  flight,  ■  level  right  turn  at  3D  degraaa  of  bank,  and  a 
wlngc-lavel  descant  of  1,000  ft7roln.  Each  of  the**  maneuvers  was  flown  for  two  minutes 
under  aaoh  of  thru  experimental  conditional 

(1)  neither  viaual  nor  auditory  instrumentation  (NO  INPUT) 

(2)  AOI  signal*  only  (A01) 

(3)  T-40  aimulltor  instrumentation  only  (VISUAL) 

Experiment  2.  The  purpoee  of  tha  aaeond  serial  waa  to  avaluata  th*  ability  of 
pilot*  to  use  aural  algnala,  alone  and  in  combination  with  viaual  ilgnala,  to  control 
tha  simulator  in  atraight-and-level  flight  while  diatriotad  by  secondary  taska,  Thara 
warm  two  separata  two-mtnute  protocol*  Involving  tha  addition  of  secondary  tiaka 
(diatraotlona) .  Each  protoool  began  with  a  ona  minute  segment 'of  straight  ind  laval 
flight.  During  the  aaeond  minute  of  each  protocol  ona  of  two  taaka  waa  Introduced.  Tha 
first  task  raquirad  responding  first  to  a  radio  call  to  changa  a  radio  fraqutnoy  and 
then  to  a  request  to  chsnga  the  transponder  ooda  (RADIO).  Accomplishing  this  task  in 
th*  T-40  involved  banding  nver  and  to  th#  right  to  the  iowar  portion  of  th*  oonaola 
batwaan  tha  laft  and  right  teat*.  Tha  aaeond  task  raquirad  looking  up  ■  radio  fraqutnoy 
in  a  flight  publication  and  changing  ta  that  fraquanoy  (LOOK-UP).  A  ganaral  AN0VA  was 
performed  tasting  tha  Interaction  of  task  performance  with  tha  various  condition*, 
oinarally,  flying  performance  wwa  significantly  won*  during  aeoandary  task  perform¬ 
ance.  If  in  either  taak  a  fraquanoy  ooda  waa  dialed  incorrectly,  tha  inaida  obaarvir 
repeated  lha  frequency  or  ooda  to  tha  subject  until  it  was  entered  oorrectiy. 
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Ef ftct Ivinan  of  talk  performance  wai  manured  by  the  time  It  took  to  correctly 
complete  the  talk  ai  manured  by  the  lniide  obierver.  Each  of  theie  protocoli  wai 
flown  for  two  minutei  undar  each  of  four  experimental  condition: 


ill  Nalthar  visual  nor  auditory  lnitrumentatlon  (M3  INPUT) 

2)  AOI  signals  only  (AOI ) 

3)  T-40  ilmulator  Instrumentation  only  (VISUAL) 

4)  T-40  ilmulator  lnitrumentatlon  and  401  ilgnali  (BOTH) 


Eaoh  of  the  lubjeeti  wara  preianted  these  various  oondltlom  (N3  INPUT,  aoi, 

VISUAL,  and  BOTH)  In  a  different  order,  iclioted  randomly,  without  replacement  from  the 
24  pon  Ibl  I  it  lei  to  minimize  ponlbla  order  effaoti. 


RESULTS 

The  Shaplro-Wllk  Te  t  for  normality  ihowed  the  mean  abiolute  error  (MAE)  and  the 
mean  squared  error  (MSE)  values  for  the  la  subjects'  performance  metrics  to  be 
essentially  normally  distributed.  Examlnetion  of  the  'distribution  of  Individuals  that 
the  three  non-pilot  lubjeoti1  MAE  and  M5E  psrformanoai  were  distributed  differently 
from  those  of  the  pilots.  This  wai  confirmed  by  Box-Janklns  plots  to  datact  outliers, 
which  confirmed  that  theie  3  subjects  In  many  caiai  fall  outild*  of  tha  normal 
distribution  formed  by  tha  other  19  subjects.  Thus,  for  the  statistical  analysis 
presented  below  only  data  for  the  19  pilot  subjects  ware  used. 

The  MAE  and  standard  deviation  (SO)  for  each  combination  of  condition  and  flying 
task  are  shown  In  Table  1  for  Experiment  1  and  In  Table  II  for  Experiment  2.  Tha  sd's 
of  both  tha  MAE  and  the  MSE  varied  markedly  between  the  various  oondltlons  tested, 
making  statist loal  Inference  tasting  with  the  MAE  and  MSE  data  semawhat  difficult .  The 
standard  deviations  of  the  performance  data  were  highest  for  the  no  input  oondltlun, 
became  progressively  smaller  far  the  Ml  and  tha  VISUAL  condition,  and  ware  smallest 
for  the  BOTH  condition.  The  So  of  the  MAE  for  bank  oontrcl  under  the  NO  input  condition 
was  In  most  cases  more  than  to  times  that  under  tha  VISUAL  condition,  and  the  5D  or  the 
MSE  for  the  NO  INPUT  condition  was  In  most  oases  more  than  100  times  that  under  the 
VISUAL  oondlflon.  These  standard  deviations  wara  much  more  oomparubla  after  a 
logarithmic  transformation  of  the  performance  data.  Logarithmic  transformations  or  the 
MAE's  end  tha  MSE'i  for  aaoh  pilot  subject  wara  used  for  each  of  the  specific 
task/condltlcn  combinations.  Two-way  analysis  of  vartanoa  procedures  wire  used  to 
compare  the  oondltlons  for  aaoh  experiment.  lrollow-up  Duncan's  multiple  range  tests 
were  usad  to  datarmlna  speolflc  differences  In  tha  oondltlons  for  each  task. 

Ecmilment  1.  Figure  1.  shows  the  ef feetlveness  or  benk  control  for  the  initial 
i.'trlaa  orTTyTng  tasks  (with  no  seoondary  Inks  added).  Benk  control  was  significantly 
better  under  tha  AO!  condition  than  under  NO  INPUT  for  each  flying  task.  Although 
performance  was  somewhat  batter  for  tha  visual  condition  than  for  the  AOI,  the  only 
statistically  significant  dirfarenoe  ooeurrsd  for  the  level  right  turn  (Table  III). 

Figures  2  and  3  show  tha  results  for  vertical  velocity  and  airspeed.  Error  was 
less  In  the  AOI  condition  than  In  tha  NO  INPUT  condition  for  both  these  variables.  Tha 
AOI  oondltlon  was  associated  with  slgnlf loantly  batter  control  of  vertical  velocity  and 
airspeed  during  descent  and  level  right  turn,  For  all  three  tasks,  tha  error  was  least 
for  tha  VISUAL  oondltlon)  and  oontrol  of  vertloel  veioelty  and  airspeed  under  tha 
VISUAL  oondltlon  was,  In  all  oases,  slgnlf  loantly  batter  than  undar  tha  AOI  oondltlon, 

,  ESUIiOSllli'  '?••“>*»  ln  Experiment  2.  for  oontrol  of  bank,  vertical  velocity,  and 
airspeed  wara  similar  to  those  from  Experiment  1.  Fpr  Exptr Imen t  2  results  for  tha 
both  oondltlon  are  also  shown,  and  performance  aftar  tha  addition  of  seoondarv  tasks 
(rll  «t  rant  Ions)  Is  evaluated. 


P  gure  4  shows  the  results  for  bank  control  In  tha  saeend  experiment.  As  ln 
5ipf5irT2n5  *>  bank  oontrel  was  significantly  batter  under  tha  AOI  condition  than  under 
NO  IMAJT  for  all  flying  tasks.  Bank  control  undar  V19UAL  conditions  appiarsd  semewhst 
bsttar  than  under  AOI,  but  tha  differences  wsra  not  statlitlcslly  significant  except 
during  tha  LOCK  UP  task.  Bink  oontrol  wis  bsttar  under  tha  BOTH  condition  than  undar 
VISUAL  except  during  performance  of  tha  LOCK-UP  task,  but  thais  results  did  not  sohlava 
statist  loal  significance  (Table  IV), 

Figure  9  shows  tha  relative  af feetlveness  of  vertical  velocity  control  for 
Expar  menl  a.  Control  of  this  parameter  was  significantly  battsr  undar  tha  AOI 
oondltlon  than  under  NO  INPUT  lor  seme  of  the  flying  tasks.  For  most  tasks,  howsver, 
vsrtlcel  velocity  oontrol  was  also  slgnlf loantly  batter  undar  tha  VISUAL  oondltlon  than 
undar  AOI,  Control  under  the  BOTH  condition  was  significantly  batter  than  under  AOI  In 
•vary  oast. 


F  gure  t  shows  the  ralatlve  effectiveness  of  airspeed  oontrol  during  this 
experiment.  Airspeed  control  undar  the  AOI  condition  wis  ilgnif Icintiy  better  then 
under  NO  INPUT  for  tha  look  up  task.  Moreover,  control  undar  tha  VISUAL  condition  was, 
In  every  can,  slgnlf  leant  1  y  batter  than  under  tha  AOI  oondltlon,  and  BOTH  was  better 
than  AO!  In  ntarly  every  ease. 


Figure  7  shows  the  affects  of  the  verlous  oondltlons  on  saoondery 
«s  measured  by  time  to  task  completion,  The  ANJVA  showed  significant 
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TABLE  I.  Performance  of  19  pilot  subject!  during  Experiment  #1.  Tho  naan  absolute 
error  (MAE)  and  standard  deviation  are  given  for  each  combination  of  parameter  and 
condition . 


- N'fi"  INPUT - 

m 

— niuKi 

BANK  (degrees) 

level  flight 

15.4v3.S< 

2.7v0.42 

1.8*0.20 

right  turn 

22.Sv2.7t 

10. 0*2. 33 

3.1*0.26 

deeoent 

22.lv3.lt 

4.6*1.38 

1.9*0.18 

VERTICAL  VELOCITY 

level  flight 

(feet  pet  minute) 

721*149 

489*61 

229*24 

right  turn 

1670*110 

1047*123 

223*38 

deeoent 

1049*87 

611*93 

223*21 

AIRSPEED  (Knots) 

level  flight 

13 . 9v2 . 14 

10.9*2.60 

4.6*0.92 

right  turn 

32.2v3.79 

22.1*9.37 

4.7*1.37 

deeoent 

22.9v2.12 

16.7*2.79 

7.3*2.02 

TABLE  It.  Performance  of  19  pilot  aubjeeta  during  Experiment  #2.  The  MAE  and  standard 
viatlon  are  given  for  aaoh  combination  of  parameter  and  condition. 


NO  INPUT 

A0 1 

VISUAL 

BOTH 

BANK  (degrees) 

level  flight 

12.9*3.2.': 

3.0*0.63 

1,8*0.21 

1.4+0.14 

LOOK-UP 

26.6*4.98 

6,1*1,12 

2.8+0.40 

2.8+0.34 

level  flight 

14.8*3.79 

2.9*0.42 

1.6+0.22 

1.4+0.13 

RADIO 

VERTICAL  VELOCITY 

21.7*4,98  4,1*0.72 

(feet  per  minute) 

2.4+0.32 

2.4+0.33 

level  riight 

789*127 

489*101 

222*24 

209+24 

LOOK-UP 

1334*168 

724*124 

333*46 

381+33 

level  night 

778*178 

999*129 

183+21 

219+32 

RADIO 

1019*200 

721+132 

406*72 

336+70 

AIRSPEED  (Knota) 

level  flight 

9.9*1,88 

8.6+2.23 

3.4*0.68 

4.8+1.20 

LOOK-UP 

24.0*3,98 

19.3+3.90 

4.2+0.67 

4,8+0.63 

level  flight 

10.1*1.98 

10.1+2.0) 

3.4+0.48 

3.9+0.99 

RADIO 

19.0*4.29 

14.6+2.98 

4.9+0.73 

4.4*0.69 
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TABLE  Itt.  Logarithmically  transformed  M4E  and  MSE  performance  data  of  IS  pilot 
subject*  for  Experiment  #1. 


EBJ - 

BANK 

level  flight 

MAE 

2.2 

,s» 

,3* 

MSE 

4.7 

2,2* 

1.4* 

right  turn 

MAE 

j.q 

2,Q* 

1,1*+ 

MSE 

«.a 

4,3* 

2,4** 

descent 

MAE 

a.  a 

1,2* 

,8* 

MSE 

5,9 

2,9* 

1.7* 

VERTICAL.  VSLCC1  TV 

level  flight 

MAE 

«.a 

6.) 

S,  J«+ 

MSE 

la. 7 

12.3 

11.1*+ 

right  turn 

MOE 

7,4 

6,8* 

5,4*+ 

MSE 

14.9 

14,0* 

11,3*+ 

detaent 

MSE 

e.9 

8,4* 

5 . 4*+ 

MSE 

14,3 

13.0* 

11,1*+ 

AIRSPEED 

level  flight 

MAE 

a. s 

2.0 

1.3** 

MSE 

S,  1 

4.2 

2.6«  + 

right  turn 

M«E 

3.4 

2.7* 

1,3** 

MSE 

7,0 

S.7* 

2,7*  + 

desaent 

MAE 

3.0 

2.8 

1.8*  + 

MSE 

6 , 4 

5,3* 

3.5** 

•Denotes  significantly  better 

then  NO  INPUT. 

+  d«not«»  ilgnl f loint ly 

better 

then  AO! . 

TABLE  IV.  Logarlthmloal  ly  transformed  MAE  and  MSE 
subjects  for  Experiment  #2. 

performance  date 

Of  15  pilot 

ND  IhRJT 

ADI 

BANK 

level  Might  WE 

2.1 

.9* 

.4* 

.3*  + 

MSS 

4.4 

2.1* 

1.4* 

.9*  + 

LOCK-UP  MAE 

3.3 

1.5* 

.»*+ 

.9*  + 

MSE 

8.2 

3.4* 

2.2*+ 

2.2*  + 

level  flight  MAE 

2.0 

,7* 

.4* 

.3* 

MSE 

4.2 

1  .8* 

1.1* 

1.0* 

RADIO  M«E 

2.7 

1  ,1* 

.8* 

.7* 

MSE 

5,8 

2.6* 

2.1* 

1.9* 

VERTICAL  velocity 

level  f 1 laht  MAE 

*.n* 

MSE 

13.1 

12,5 

!1,I*+ 

10,9** 

LOCK-UP  MAE 

7,0 

6.3* 

5,7*+ 

J.8*  + 

MSE 

14.3 

12.9* 

ll.8*+ 

11.9*  + 

level  f light  MAE 

6.1 

6,n 

5,1*+ 

5.2*  + 

MSE 

12.4 

12.4 

l 0 , 6*+ 

lo.a»+ 

RADIO  MAE 

8.6 

6.3 

5,8* 

5.6*  + 

MSE 

13.4 

12.9 

12,1* 

1 1 .6*  + 

AIRSPEED 

level  flight  MAE 

2.0 

1  .9 

1.0*  + 

1.3* 

MSE 

4.3 

3,9 

2,2*+ 

2.7*+ 

LOCK-UP  MAS 

3,0 

2,4* 

1,2*+ 

1.3*+ 

MSE 

(.2 

5,0* 

2,7*  + 

2.6*  + 

level  flight  MAE 

2.0 

2.1 

1,1*  + 

1 .  I*+ 

MSE 

4.2 

4.3 

2.4*  + 

2.3*+ 

RAOtQ  MAE 

2.4 

2,3 

1,3*  + 

1 .2*  + 

MSS  5.1  4.B 

•Otnqtei  tlanlflnently  better  then  nc  input. 

*  denotes  slgnlf jointly  better  than  AOl . 

In  no  one  do  VISUAL  end  BOTH  differ  slgnlf  leant  1  y . 

2.9*  + 

2.5*  + 
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between  the  four  condltloni  for  time  to  talk  correlation  for  the  LOCK-UP  and  tha  RADIO 
taiki,  Talk  performance  wae  faetsit  under  the  NO  INPUT  condition,  This  was  an  expected 
result  einoe  many  subjects  found  that  efforts  to  control  the  aircraft  under  the  NO 
Il'PUT  condition  were  largely  futile!  consequently  they  devoted  all  their  effort  to  tha 
secondary  task,  Interestingly,  for  the  LOCK-UP  task,  perf ormanca  time  was  the  longest 
under  the  BOTH  condition,  The  inean  time  to  con-plate  this  task  under  the  BOTH  condition 
(42.4  seconds)  was  ilgnl'f leantly  longer  then  under  the  VISUAL  and  AQt  condition  (  30.) 
and  32,3  seoondi)(p..03)»nd  the  ND  INPUT  oondltion  (23.7  seconds)(p<.00l).  The  mean 
time  to  complete  this  talk  under  tha  AOI  oondltion  was  not  slgnlf loantly  different  from 
that  uhdor  the  VISUAL  oondltion,  For  the  RADIO  talk  the  time  to  complete  the  tusk  was 
equal.  <>7,4  seconds)  for  the  VISUM,  and  BOTH  condltloni,  and  , was  sign! f leantly  longer 
for  those  two  Condltloni  than  for  the  NO  IhPUT  eondlt-lon  (22.3  ieeonds)(p*.03).  The 
mean  time  to  complete  tha  RADIO  taok  under  tha  ADI  oondltion  (23,3  seconds)  was  not 
significantly  different  from  any  of  tha  other  conditions. 


DISCUSSION 

Tha  acoustic  Input  Is  olearly  Influencing  th*  subjects1  ability  tb  control  flight 
paranatars.  Bank  proved  to  bs  tho  parameter  most  amenable  to  control  by  acouitlo  cues. 
Bank  pirforrnanoe  was  batter  In  level  flight,  however,  than  in  •  30-degree  banked  turn. 
Tha  bank  MAE  for  the  ADI  condition  wes  i BN  of  tha  leva!  for  SC  ISPJT  In  Level  Plight, 

2 IK  of  it  In  Desoent,  end  44K  of  it  in  Right  Turn  (Table  I). 

The  af faotlveneie  of  lntsraural  intimity  dlffaranoes  for  oonvaylng  Information 
■bout  elreraft  bank  can  be  attributed  to  the  salience  of  variations  in  the  binaural 
signet  and  to  the  mapping  of  Interaural  Intimity  differences  upon  bank  angle,  The  AOI 
used  in  this  study  wae  set  sc  the t  (  large  change  in  interaural  intensity  difference 
would  ba  ganaratad  between  +3  and  -  3  degrees  of  bank.  With  further  Inoreasox  in  bank 
there  was  little  further  inoraase  In  interaural  intimity  difference,  but  it  +/-33 
degreei  (warning  sound  was  Introduced,  if  the  mapping  of  interaural  Intensity 
dirferanoe  upon  bank  angle  ware  made  ta  be  a  dlffarant  function,  than  the  parfurmance 
would  elso  vary,  according  to  tha  function.  One  should  ba  able  to  produoe  e  highly 
dlecrlmlnabli  region  by  making  tha  interaural  Intensity  dlffaranca  particularly 
detailed  at  a  spaolfiad  bank  angle,  Further  exploration  could  dafina  the  values  and 
costs  of  different  functions  mapping  lntaraural  intensity  dlffaranoes  upon  bank  angle, 

As  noted  above,  Interaural  Intensity  differences  alone  were  not  sufficient  to  allow 
discrimination  of  a  wide  range  of  bank  angles,  One  might  expeot  a  more  sillent  signal 
to  reduce  rurthar  tha  MAE  for  auditory  control,  Savaral  possible  modifications  to  the 
AO)  could  result  in  improved  discrimination  of  interaural  differences  end,  therefore, 
bank  angle. 

(1)  The  AOI  did  not  provide  any  intareurel  phase  (ttrna  delay)  to  help  in 
lateral  ioat Ion,  Additional  lateral liat Ion  oualng  could  be  obtained  by  adding 
Interaural  tlma  delay. 

(2)  Appropriate  filtering  of  tha  input  to  each  ear  to  provide  three-dimensional 
local  1  z a 1 1  on  of  sound,  rather  than  mare  lateral  Ustlon,  could  lirprovs  tha  ability  or 
subjeots  to  discriminate  benk  angle. 

(3)  Both  locullzatlan  ( lateral  I  *et  Ion)  and^ant  1  f  loat  ion  are  batter  with  complex 
signals  than  with  spectrally  simple  sounds,  Tha  ineraasad  salience  of  tha  Imago 
produced  by  broadband  noise  Indeed  of  the  squire  wive  used  in  this  study  should  result 
in  Improved  looal  Icattan/latsiralliratlon. 

(4)  The  verlatlon  In  lntereurel  Intensity  differences  should  follow  a  funotlon 
relating  tha  naronptual  nrnnxrtv  (innatlnn)  tn  stimulus  ri|m*nston  (lnt»rxurxl 
Intensity),  At  present  aerphona  input  voltage  le  mapped  as  a  linear  function  of  bank 
ingla.  A  small  change  in  Interaural  Intimity  around  taro  Intensity  difference  produces 
■  large  shift  in  lateral  position  or  ■  sound  Image,  with  the  amount  of  the  shift 
depending  an  the  intensity  of  the  stimuli,  At  the  linage  move e  to  a  more  literel 
position,  tha  function  should  become  lass  steep,  since  greeter  lntcraure!  intensity 
differences  are  required  to  produce  equal  ehingas  In  image  positions  at  more  lateral 
locations, 

(3)  No  provision  for  adjusting  the  interaural  intimity  differences  as  ■  funotlon 
of  frequency  Is  included,  If  a  constant  benk  angle  Is  maintained  a*  airspeed  Increases 
from  low  to  high,  tha  fraqueney  of  the  square  wsvi  Increases  but  the  Interaurel 
Intensity  difference  remains  constant.  Under  these  conditions  the  Image  moves  toward 
the  mldlinc.  A  provision  for  adjusting  tha  lntaraural  intensity  dlffaranca  ai  a 
funotlon  of  fraqueney  should  ba  addad, 

Vartloil  valoelty  proved  difficult  to  control  with  tha  AOt  only,  The  MAE  in  the  AOI 
oondltion  wae  47K  of  that  with  N3  IhfUT  for  Lovol  Flight,  43K  for  Right  Turn,  end  36* 
for  Desoent,  We  attribute  th 1 1  to  two  problems.  First,  control  of  vertical  vitocity 
without  reference  to  pitch  of  tha  aircraft  le  somewhat  difficult.  Attempting  to  control 
the  aircraft  by  uelng  vartloal  veloolty  (a  perrormenoe  perimeter)  as  opposed  to  using 
pitch  (a  oontrol  parameter)  le  contrary  to  what  Is  taught  In  beslo  instrument  flying 
training,  Second,  tha  signal  ohosan  to  reprasent  vertical  velocity  was  not  easy  to 
interpret.  Subjects  had  soma  difficulty  in  distinguishing  batwaen  tha  sound  that 
indicated  esoent  and  tha  one  that  Indicated  descent,  The  sound!  ware  described  as 


PIquw  I.  otvlitlen  «i  iirtpMd  trom  too  kiwi* 
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"aonfuslng"  and  the  difference  between  them  *i  "subtle".  One  lubjest  iteted  that 
modifying  climb  end  deioent  required  e  "double  cognitive  effort.  Ftrit  you  heve  to 
decide  whet  the  ilgnel  meim,"  Th I •  iltuetlon  It  In  oontreit  to  thet  for  benk  control, 
where  subject*  lttrned  eeilly  (end  remembered  more  reedlly)  thet  Incrseslng  sound  In 
one  ter  meant  a  banked  turn  In  thet  direction. 

Some  of  the  limitations  observed  In  controlling  airspeed  may  be  attributable  to  the 
characteristics  of  tha  best  signal.  Thart  was  no  apparent  difficulty  In  discriminating 
the  auditory  pltoh  change  of  th*  square  wav*  when  airspeed  varied  rapidly)  however, 
there  may  have  bean  tom*  lost  of  pltoh  traoklng,  I.*.,  there  was  seme  evidence  for  an 
inability  to  maintain  a  steady  auditory  pltoh  for  a  prolonged  period.  Tha  NPE  fot  the 
SOI  oondltlon  was  ?8N  of  that  for  th*  NO  INPUT  condition  for  Laval  Plight,  m  for 
Level  night  Turn,  and  for  Descent.  One  might  aspast  Improved  performance  by 
ineorporat Ing  *  reference  pitch  to  Indloate  target  airspeed,  and  by  providing  t 
temporal  frame  or  rhythmic  structure  for  the  presentation  of  the  two  signals,  target 
and  variable.  Habituation,  adaptation,  or  leek  of  salience  of  th*  square  wav*  signal 
may  allow  It  to  drop  out  of  awarvntn  with  tn*  uamandi  of  another  task.  Although  a 
square  wav*  has  a  richer  apeetrixn  then  *  tin*  wave,  a  noise  band  presents  a  still 
richer  spaotrum  and  can  have  still  greater  salience. 

Although  th*  acoustic  signals  provided  usable  orientation  information  to  th*  pilot, 
the  addition  of  *  secondary  teak  vtill  oaused  a  degradation  of  flying  performeno* 

(Table  II  and  IV).  Furthermore,  the  combination  or  th*  acoustic  signal  with  th*  visual 
display  may  even  degrida  per fo.nanu*  of  a  secondary  tick,  as  evidenced  by  th*  faot  thet 
th*  BOTH  oondltlon  resulted  in  th*  slowest  completion  of  th*  visual  task  (lcck-up, 
Figure  7).  Several  subjects  specifically  complained  thet  the  acoustic  signal  was 
bother  some  whan  they  were  trying  to  accomplish  the  secondary  teaks.  Thus  th*  decreased 
secondary  teak  performance  for  the  BOTH  oondltlon  might  be  Interpreted  as  resulting 
from  an  additional  peroeptual  load.  This  finding  Is  In  ooncert  with  th*  known  tendency 
of  pilots  to  decrease  cockpit  noise  levels  during  patlodi  of  high  visual  loading.  By 
tailoring  aooustlo  signals  to  meat  orlterl*  for  "auditory  comfort"  is  wall  as  for 
discrimination  such  psroaptua!  overloading  might  0*  svolded.  Highly  reiavtnt  In  this 
regard  Is  ongoing  work  In  paychoaeoustlcs  on  the  oapebl titles  of  human  subjects  to 
dltorlmlnite  smong  camples  sounds  and  on  th*  stimulus  ohiraoter I t t los  that  permit  such 
dl sorlmlnet  Ions . 
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Figure  7.  Moan  tlm*  to  oomplato  task  for  oaeh  combination  of  eordlllon  and  tails 


COMOJUSICMS 

1.  Aooustlo  signals  can  ba  useful  Indicators  of  the  orlentetlonal  stet*  of  tn 
aircraft)  tntiraural  Intensity  differences,  representing  bank  angle,  ere  particularly 
affective  In  this  regard.  Using  acoustic  signals,  a  pilot  oan  maintain  level  flight 
with  no  othar  Input. 
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2.  Under  condition!  of  heavy  workload  whan  tha  pilot  must  ccmplata  oartain 
secondary  taaka  raquirlng  vlaual  and  cognitive  activity)  tha  praaanca  of  the  additional 
auditory  algnal  can  compromise  aaoondary  taak  parformanoa. 

1.  Tha  raiulta  of  tha  praaant  atudy  Indicate  that  the  potential  baneflt  from  use  of 
of  tha  Acoustic  Orientation  Inatrumant  warrants  oontlnuad  exploration  to  define  optimal 
signals  for  providing  auditory  orientation  information  to  pilot*. 
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SUMMARY 

A  dwantloal  analyila  of  the  lalattonihlp  between  cognitive  complexity  and  the  perception  of  dma  and 
dlitance  la  praaantad  and  experimentally  verified.  Complex  taiki  produce  high  ratal  of  mental  repreuntttion 
which  affect  the  lubjecdvi  aania  of  duration  and,  through  the  auhfeetive  dma  aeala,  the  percept  or  dlitance  derived 
from  dynamic  vliual  cuaa  fl.a.,  vlaual  ouaa  requiring  rate  Integration),  The  analyila  of  the  Inttwelidonihlp  of 
■ubjacnve  dma  and  auhjecdva  dlitance  yteldi  the  prediction  that,  u  a  function  of  cognitive  complexity,  dlitance 
eidmitee  derived  from  dynamic  vliual  cuu  will  ba  lengar  than  the  actual  dlitanca  wnetcia  titlmatai  bated  on 
perceived  temponl  duration  will  be  ihorter  than  the  actual  dlitanca, 

Thli  prediction  «ti  conflrmad  In  an  experiment  In  which  lubjecu  (both  plloti  end  noo-pllota)  eadmated 
dlitanow  ualng  either  temporal  cuai  or  dynamic  vliual  euu.  Tht  dlitanca  animation  titik  wu  ilac  eomblnad  with 
■eoondaiy  loading  taiki  in  order  to  vary  ini  overall  tuk  oomplixlty,  Tha  ruulti  Indicated  that  dlitance  eidmatei 
bated  on  tempore!  cuei  were  undereitl mated  while  eidmatei  baaed  on  viattal  cuei  were  overcudmatad.  Thli 
■patio- temporal  diitortlon  effect  Incieaud  with  inomatri  In  overall  teak  complexity. 

Thli  finding  haa  Important  impllcidom  for  tha  avladon  community.  In  high  ipead,  low  level  flight  the 
avlatort  iltuitioniTawareniii  li  dependant  upon  veridical  ipetlal  and  temporal  perception.  If  the  complexity 
■noclated  with  flying  high  performance  aircraft  can  Induce  ipitlo-timporal  perceptual  dlatortlonr,  then  iifew  of 
flight  could  be  irvtrely  compromlied.  Theie  perceptual  dlitortlonl  could  lead  to  e  altuitlon  when  an  aircraft 
approachii  dour  than  Intended  to  a  tergal  bacauu  the  perceived  vliual  dlitanee  wu  grtatnr  than  the  actual 
dliUutca.  In  tha  extreme,  thli  could  lead  to  "pilot  Auelnadon"  Incident  whan  an  alert  pilot  file  t  an  airworthy 
aircraft  Into  the  target.  In  addldon,  reaponsr  j  baaed  an  temponl  cuei  (e  g.,  wuponl  reliiie)  could  occur  tooner 
then  Inlander!  which  would  alao  compremlie  million  aafety  and  affaedvantii,  Thli  finding  luggeaia  Hint  (acton 
which  reduoe  tits  cognldva  load  on  tn«  pilot  (e,g„  tha  Inconondon  of  deelalon  aupport  ayitenuTn  the  cockpit), 
nhould  lead  to  mot*  accurate  ipado-timporal  parcapdon  which  would  alio  enhance  the  pilot'*  overall  xltuailonul 
awarenaai, 


1.  INTRODUCTION 


High  ipeed  low  level  flight  li  rapidly  becoming  a  tactical  neceialty  for  many  aircraft  type*.  In  theie  flight 
reglmaa  freedom  of  a  aeeond  mean  tha  difference  between  an  on  target  wupon  ana  ground  Impact.  It  hai  long 
been  undantood  that  motor  and  oognlUon  related  daltaya  In  reaction  time  can  play  an  advarae  role  in  atrnroft  mnnuai 
control  end  it  Itu  mon  recently  bun  widely  argued  that  Installing  aircrew  workload  and  ink  complexity  or 
ciuh  a  lota  of  aituadonal  awaranua  (LOS  A)  which,  In  turn,  learie  to  poor  aircraft  control  decliiona,  It  la, 


cognldon,  auch  u  the  Ulualona  attributed  to  abnormal  atimcladon  of  the  veau'oulir  mum,  are  rather  hettar 
dooumented.  Navetthelaai.  theie  observation!  undeneon  the  imporiince  of  propecuo  of  human  cognitive 
functioning  in  laiuea  of  engineering  importance  to  aviation. 


In  thli  paper  a  naw  perceptual -ouunJdvt  afflict  related  to  a  pilot*  ipadal  orientation  capablUiiai  la 
ihaoradeally  predicted  from  tint  principle!  and  experimentally  verified.  High  ntea  of  menial  nprawmadem 
aaiociatad  with  leak  complexity  art  predicted  to  affect  tha  lubjocdve  aenae  of  duration  and,  through  the  tubJacilve 
dme  wale,  effort  tht  percept  era  conatent  dlatanoe  derived  from  dynamic  cuai.  Aa  a  funodon  of  oognltlve 
oti  iplixlty,  the  perceived  vlaual  dlnanea  la  predicted  to  be  greater  thin  the  actual  dlitanca.  leading  to  the 
poulbUlty  that  the  aircraft  will  approach  much  dour  to  a  reference  point  than  die  Intended  upwadon  dlitance, 
Under  tht  aama  cognldva  teak  demand!  another  prediction  derive!  that  la,  at  Aral  oon*id»radon,  paradoxical,  The 
credtedon  itatea  that  petcaivad  dma  lntarvali  will  ba  longer  than  objecliva  dma  Interval!,  Therefore,  baud  on 
dura thiti  animate*,  one  would  tend  to  act  too  toon  rather  than  loo  lea  (at  a  funodon  of  cognitive  complexity)  aa  U 
tha  cau  with  vlaual  udmata  v  Both  of  thau  theoretical  reiulta  ere  found  to  hold  in  the  experiment. 


The  dittanei  judgment  dlitPidon  effect  com  epondi  In  form  tr  the  "pilot  fueintuon"  phenomenon  ,hnt  hat 
long  bun  a  pan  of  high  aarfornwive  aircitfr  operation!.  In  e  pilot  ft'  clnatlen  incident  in  nintt  pin  alee  an 
r  iworthy  aircraft  Into  the  target.  The  time  Interval  judgme>,t  diitorti„.i  effect  hu  alio  bean  widely  itported  In  the 
aviation  ilwrature  and  folklore  In  a  variety  of  clicumitancai  that  eorreapond  to  iltumioni  -md  eondtdona  that  would 
be  ajiootnled  wt  Jt  high  mental  repreiematfon  rataa  auch  aa  ajeodc.i  and  air  to  atr  weaponi  mlaiu  (Carton,  19U2, 

Pilot  fowitaatov  and  dlitordon;  In  tempera!  perception  are  often  attributed  to  a  janerallant  LOIA on  the 
part  of  tit*  aviator,  Tit*  praiani  itudy  foeuau  nn  perceptual  dlatoittoni  tnducad  I  w  cognitive  prweitlng  load 
which  affect  a  allot'*  unit  ipadal  oriantitfor.  Although  medal  dlaor'cntadon  (So)  U  oft»n  nttributablt  to 
dyafoncHonain  die  vaittbular  ayitem  (a,g„  dark  A  Orayblal,  lw5i  Ollllngham  b  Kuril,  1974)  or  to  degraded 
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vlitiil  Input  (l.g,,  Binwn,  1978;  Kirkhim  «t  al„  1978;  Tredi.l,  1910)  Ihire  irt  many  cum  in  which  the 
viitlbulir  etui  vliual  inputs  ire  normil  end  the  "pilot  limply  file*  the  plane  Into  the  ground"  (McNeughton,  1981; 
olio  we  Haber,  1987;  Tyler  &  Furr,  1971),  The  fact  that  a  lu  ge  percentage  of  SD  ineldenti  can  not  be  accounted 
for  In  termi  degraded  perceptual  input  leavai  open  the  poiilb.ltty  that  other  cognitive  factor*  may  be  Involved. 

One  factor  that  might  Influence  a  pilot*  ipatial  and  temporal  perception  la  the  cognitive  proceulng  demands 
associated  with  flying  hlgn  performance  aircraft,  There  la  a  large  body  of  evidence  Indicating  that  the  perception 
of  temporal  duration!  !•  Influenced  by  cognitive  futon  a.|„  trainee,  1963;  1083;  Mlchon,  198);  1986; 

Omiieln,  1969),  in  general,  utlmini  of  the  temporal  duration  of  an  Interval  Inornate  concomitantly  with  the 
complexity  of  the  itlmull  that  were  proceued  during  the  inteivil,  This  finding  li  In  agreement  with  the  poiliton 
that  the  percept  of  duration  li  bated  on  the  luccmlon  of  mental  event*  or  repreientatToni.  That  Is,  the  experience 
of  time  tppean  to  be  funcdonilly  related  to  the  number  and  complexity  of  tha  repmentatloni  that  are  generated  to 
encode  experlentlil  eventi  (c,  f,  Barrett,  198)i  Block  A  Reed,,  1971;  Fntiuee,  1983;  1913;  Omneln,  1989), 
There  liafio  evidence  indicating  that  the  perception  of  tamportl  duration*  Influence*  Judgment*  of  apparent 
distance  (Abe,  1933]  Cohen,  Hanial  ft  Sylveiter,  1933;  Haung  ft  Johai,  1983;  Helton,  1930;  Helton  ft  King, 
1931;  Mmhour,  1964),  Although  It  It  clur  that  cognition  Inftuance*  the  percept  of  both  ipnce  end  time,  the  exact 
nature  of  thla  reintlonihlp  I*  unclear  (o,f„  Iona*  ft  Haung,  1982;  Manhour,  1964:  Ono,  1976), 


2,  FORMALIZING)  THE  SUBJBCT1VH  T1MB  SCALE 

In  till*  lection  the  Idea  of  cognition  u  a  rtpreienting  procau  and  ill  ratitlonihlp  to  parcelved  duration  are 
deicrlbed.  The  proceaa  of  reprewnting  I*  taken  to  b«  one  or  creating  itructura*  of  conceptual  tlomi  anti  relndon* 
among  die  ttoma  auch  that  the  expectation  of  behavior  emailed  by  the  itructura  conipondi  1a  aome  wnie  to 
obiervatlon,  Thli  amounti  to  a  theory  (transformation  and  confirmation  proem  and  li  related  to  the  problem  of 
nondemonitmlve  Inference  (Cnmip  A  Jeffery,  1971 ;  Holland,  et  al,.  1987;  Kuhn,  1962;  Rnndall,  1970).  Whan 
cognition  ii  approached  In  thli  faihlon,  a  rough  ilammenl  of  what  li  done  by  e  cognitive  lyitem  li  that  it  producei 
iiquenoti  of  reprewriation  hum,  A  Mquenoe  ofrepreiintitlon  Haiti  can  be  thought  of  u  a  eode  for  a 
hypothetloal  world  Hate,  Including  tclloni  of  wlfinu  other*,  The  complexity  of  a  code  li  a  function  of  tu  length. 
Rnirgy  la  required  In  order  for  a  eyatam  to  enter  Into  a  rapreMMation  Hate  and  la  tha  mttiure  of  work  performed 
by  the.  repreienilng  tyitem,  A  reprewMatibnal  event  is  tha  occurrence  of  a  lepraientational  atata  at  a  clocktime 
coordinate,  The  raw  at  which  aventi  are  produced  onnitltuiea  a  power  requlremam  on  the  lyatam,  A  power 
requirement  li  the  workload  experienced  by  the  lyitem,  Thui,  under  the  conflrmition-related  time  conitralnli 
Impoied  by  tha  world  event  under  obwrvatlon,  a  more  complex  repreientation  can  be  expeoted  to  Impoie  a  higher 
work  load  by  requiring  a  higher  repreienutiontl  avanl  rale. 

The  following  Hat  of  definition*  miyt  u  the  premlM  tor  tha  iub)ecdvi  dma  toiling  function  that  li 
deicrlbed  below.  Thue  definition*  can  be  formallted,  but  for  the  purpoiei  of  the  following  development,  thli  li 
entirely  adequate. 

A  "coda  element"  ii  a  aymbol  required  tor  each  relation  explicitly  preitrvad  by  a  coda 

A  "code"  li  an  nmngement  of  code  element!,  together  with  tha  rulei  of  arrangement  and  Interpretation, 

A  "descriptive  itructure"  li  any  relation  preiervlng  form, 

The  "complexity"  of  t  detorlptlve  itructure  li  a  function  of  the  number  of  relation!  that  It  explicitly 

preserve*  Nodes  that  many  relulloni  may  be  Implicitly  preserved 

To  "repreiont"  la  to  encode  In  a  dewriptive  itrucluir. 

A  "reprewntational  event"  It  defined  ai  a  coda  element  occurrence  at  a  clock-time  coord  inale. 

A  Mlf-clockrd  event  driven,  repwcntidonal  lyitim  la  one  that  hai  Internal  iuocii  »  animate i  of 
extenalon  in  time  only  u  aequencci  or  repreienutlonil  eventi.  That  li,  luch  a  ayitem  hu  no  homuttcuiuc  with 
ticcau  to  tn  objective  dock.  An  event  occurrence  !•  the  subjective  temporal  unit.  One  can  Imagine  tuch  a  lyitem 
giving  nitlmaiei  of  objective  time  Imarvali  that  vary  as  the  oomplaxlty  of  the  dewriptive  itructure  which  exlili 
during  tha  time  Interval  being  eidmated  varied.  Thli  would  be  the  caw  beenuw  the  number  of  reprewntulonal 
eventi,  the  aubjsotive  duration)  entered  Into  during  ihe  time  Interval  would  vary  with  the  complexity. 

To  formally  character! re  tin  lubjwtive  tlmi  wale,  tin  cumulative  event  function  li  Introduced,  (tee  Fig,  I ; 
Barrett,  1983).  The  function  li  portrayed  is  oontlnuoui  became  there  cen  be  no  wbjeeiivi  awareneai  of  the 
abienc*  of  repreaenutlon  and  no  uwolited  ixpcrienea  ot  duration,  It  li  portrayed  m  non-deci  tiling  because  nn 
event  occurrence  cannot  unoccur,  In  the  figure.  It  can  be  wen  that  the  time  Interval  (a,b)  li  not  subjectively  equal 
to  the  comipottdtng  equeU  time  Interval  (b,e)  bee  ww  tin  number  of  eventi  In  tin  time  Intervali  are  not  the  lanw, 

FormtilSy,  the  cumutitive  event  function  li  given  by, 
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Ft|,  1.  The  cumulative  event  ftmetion,  n  (t), 


X(o)  li  i  time  wiling  function  with  until,  unit-time  per  repreientition  event.  Node*  that  tha  Initantanaoui 
event  rate,  which  U  proportional  to  the  workload  on  the  lyatem,  la  the  time  derivative  of  it(t), 
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X(t)  li  Just  the  time  aoellni  Function  that  gives  tt  unit  alope,  ai  In  Pig.  2,  Thui,  X(t)  la  the  auhjeotlve  time 
acullng  function  tor  the  event  driven  ayitem, 


Pig,  2,  Tinie-aoiled  oummuladve  event  funedon, 


The  pradlcdon  concerning  time  Imervali  of  equal  au tractive  duradun  la  written, 


ll(a,b]ll-ll(b,cjlllfr^«itk  . 


That  li,  the  pereepu  of  the  Intervale  (a,b|  and  (b,c)  are  equal  when  the  meaiurea  of  the  number  of 
repreaontetioivi]  event*  occurring  In  Interval!  ure  equal, 


Therefore,  when  X-1  li  luge,  (that  la,  when  the  repreiemadonal  work-load  on  the  ayitem  la  luge)!  Ume 
imervali  will  teem  longer  than  whan  tha  objective  time  Imervali  will  be  ovareatimated  end  aedoni  aequanead  In 
the  lutyective  lime  Mile  will  ooour  ohjaotJvely  aoonw  than  in  a  low  rapnaentilional  event  rue  iliuedon, 


3,  A  PREDICTION  CONCERNING  THE  PERCEPT  OF  DISTANCE  FROM  DYNAMIC  CUES 


Thii  Mellon  will  develop  same  ilmple  consequences  of  extending  the  elementary  relationihip  relating  nte, 
time  and  distance  to  the  cate  of  subjective  dlutance  derived  from  the  rate  of  change  In  the  tubjectlve  leml-atailc 
position  In  the  subjective  time  scale,  that  Is, 


D,-r,X  . 


(4) 


The  situation  to  be  referenced  la  depicted  In  Pig,  3.  The  two  trajectories  have  time  location  marks  Indicated 
in  order  to  show  their  relative  positions  and  sepatetion  distances  at  those  marks,  The  actual  separation  distance  is 
denoted  Da  and  the  closure  me  as  ra, 


Pig,  3,  Trajectories  and  closure  distances, 


In  Fig,  4,  Da  la  plotted  against  time  In  the  eltuatlon  function,  S.  The  time  derivative  of  thle  function  Is  the 
actual  closure  me. 


Pig.  4,  The  situation  function,  3, 


A  thought  experiment  Is  proposed  where  •  "snapshot"  Is  taken  at  each  time  mark  and  a  “semi-static" 
distance  estimate  Is  made ,  These  estimates  are  called  semi-static  because  ws  acknowledge  that  there  an  dynamic 
cuee  available  In  the  snapshot  views,  Some  of  these  cuss  are  explicitly  available  (e,g,,  blur),  Others  on 
characterised  by  changes  that  exist  horn  view  to  view,  such  is  changes  In  relative  sire,  appearance  of  visual 
details,  sto,  Since  such  a  list  seems  endless  and  because  the  restriction  to  a  no-memory  ease  from  view  to  view 
seems  too  restrictive,  ws  allow  ell  such  aspects  of  the  decision  estimate  to  be  made  from  tits  stroboscopic  views. 
All  of  tills  Information  Is  Imagined  to  be  csrried  in  tha  function  S.  Bach  or  the  semi-static  distance  estlmatea  Is 
plotted  In  Pig,  3,  forming  the  eeml-stado  psychophysical  function  of  the  actual  situation,  P(S), 

From  tha  flgurei,  the  following  nltlloni  and  definitions  are  of  Interest, 


I 
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Fig,  5.  The  aentl-iteilc  paychnphyilcal  function,  P, 


e  It  the  normed  rami-itctlo  piychophyilcal  error, 
e  » (F  -  SVS  , 


8  it  the  direction  of  F  taking  iui  parameter, 


(5) 


t« 


Y  It  the  compliance  of  F  taking  Sue  parameter, 

(7) 

■  S8  +  (l  + 1) 

■  Ba'  +  a  +  l  . 


Subatlruting  Eq,  (8)  Into  Bq.  (4)  and  raanenglng  obtalne  the  eapraaalon  of  the  relatloitthlp  of  the 
aubjectlve  dlaunoe  eadmate  derived  from  dynamic  Information, 


Dt&ayrgdi  ■ 


In  the  aituadon  white  one  la  ocneemed  with  the  actual  dlnancc  titoolatad  with  a  lubjecdvely  conitant 
dlttanoe,  integration  of  both  atdei  and  manipulation  ylelda, 


*(«)“  -koki>-1fe*p|.Y§jj  ,  (10) 


Prom  thlt  eapreeilon,  It  la  apparent  that  aa  the  repraaentatlon  mte  gala  big,  D|  gate  larger  than  Da ,  It  la 
thla  diatance  percept  dlatordon  prediction  and  the  dlitortion  of  the  percept  of  duration  from  Bq,  (3)  that  ate  teited 
In  the  experiment  deanribed  In  the  aeation, 
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4.0.  EXPERIMENT 

4.1  IntrnAncHnn 


An  experimental  paradigm  waa  developed  to  teat  the  theoretical  predictions  derived  above.  In  this 
paradigm  subjects  were  required  to  estimate  distances  under  conditions  where  the  available  cues  were  either 
primarily' visual  or  temporal  In  nature.  The  distance  estimation  taslc  required  subjects  to  judge  when  a  pip  moving 
down  a  CRT  screen  niched  ■  predetermined  destination  point.  In  the  visual  cue  condition,  the  pip  eppeered 
partway  through  Its  flight  path  down  die  screen  end  then  remained  visible  until  11  went  off  the  bottom  of  the 
screen.  In  the  temporal  cue  condition,  the  pip  started  at  the  top  of  the  screen  which  allowed  subject  to  estimate  the 
pip's  velocity  but  then  disappeared  partway  to  the  destination,  Therefore,  in  the  visull  cue  condition,  distance 
estimates  could  be  bated  on  visual  information  because  the  pip  was  visible  during  the  period  when  the  response 
had  to  be  made  (l,e„  u  the  pip  approached  end  pasted  the  destination  point).  On  the  other  hind,  in  the  temporal 
cue  condition,  there  wee  no  visual  Information  preeent  during  this  response  period  which  Insured  that  the 
judgment  would  be  besed  on  timing  cues.  The  distance  estimation  taut  (In  both  the  visual  and  temporal  cue 
conditions!  was  performed  under  four  different  degrees  of  task  loading  In  order  to  oreete  varying  degrees  of 
overall  talk  loading  in  order  to  oreete  varying  degrees  of  overall  task  complexity.  This  resulted  in  the  following 
four  conditions!  (I)  distance  animation  only  (buelint),  (2)  distance  estimation  end  a  cognitive  threat  eiieiimem 
task  (cognitive),  (3)  distance  radmetion  end  a  pureuit  tracking  task  (sacking),  and  (4)  distance  estimation 
combined  with  both  the  cognitive  and  sacking  tasks  (overall).  Thus,  the  paiadlgm  allowed  for  the  assessment  of 
the  accuracy  of  spatio-temporal  perception  while  the  cognitive  and/or  motor  complexity  of  the  talks  varied. 

Based  on  the  preceding  theoretical  development,  It  wae  predicted  that  distance  estimates  In  the  temporal  cue 
condition  would  be  shorter  than  the  actual  distance  whereas  estimates  in  the  visual  cue  condition  would  be  longer 
than  the  actual  distance.  Furthermore,  this  spado-temporal  distortion  effect  should  increase  concomitantly  with 
increases  In  overall  teak  complexity,  The  experiment  evaluated  both  pilot  and  non-pilot  populadons,  It  lx  possible 
that  pilots,  who  hive  a  tremendous  degree  or  experience  with  tasks  in  which  the  estimation  of  time  and  distance  is 
critical,  would  be  more  accurate  in  their  perception  of  dme  and  distance  under  condidons  of  high  cognitive 
loading. 

4.2.  Method 

4.2.1.  Subjects.  Two  groups  of  eight  subjects  each  were  usud  In  this  experiment.  The  first  group 
consisted  of  eight  naval  pilots  currently  stationed  at  the  Naval  Air  Development  Center  (NADC),  All  of  the  pilots 
were  currently  qualified,  although  on  different  platform!  (l,e„  P-3,  helicopter  or  jet).  The  second  group  consisted 
of  eight,  non-pilot,  male  employees  at  NADC,  All  aubjects  participated  Individually  In  a  tingle  experimental 
session  lasting  approximately  one  hour. 


4.2.2.  Apparatus  and  Stimuli.  The ipresenlatlon  of  stimuli,  control  of  timing  intervals  and  recording  of 
data  were  all  carried  out  on  an  AMld  A  2000  microcomputer  with  a  Commodore  1084  color  monitor. 

4.2.3.  Procedure.  All  of  the  tasks  were  presented  within  a  whole-screen  wlndnw  on  the  color  monitor. 
The  window  was  black  with  white  borders  and  measured  2$  cm  wide  by  1 7.3  cm  high, 

Each  task  was  first  practiced  In  isolation.  During  the  practice  session  subjects  received  3  minutes  of 
practice  with  the  tracking  task,  20  trails  on  the  cognitive  threat  assessment  task  and  30  tsiu.li  on  the  distance 
estimation  talk  (13  visual  cue  and  13  temporal  cue),  There  were  a  total  of  180  experimental  trials.  These 
consisted  of  30  baseline  trials  (13  In  each  cue  condition)  and  30  trials  (23  In  eaoh  cu*  condition)  In  each  of  the 
three  loading  condition!  (cognitive,  trecklng  and  overall).  Etch  of  the  three  tasks  will  now  be  explained  In  more 
detail. 

4.2-4.  l.  Distance  Eirimation  Task.  The  distance  estimation  talk  required  subjects  to  estimate  when  a  pip 
(a  white  circle  measuring  0,3  cm  in  diameter)  moving  down  the  center  of  the  window  reached  a  destination  point 
that  ass  located  14  cm  from  the  top  of  the  window  (approximately  three-fourths  of  the  way  down  die  screen).  A 
tine  representing  the  destination  point  and  the  location  of  the  pip  when  il  wae  stopped  were  shown  to  subjects  after 
each  response  during  tha  practice  session  to  facilitate  learning  the  appropriate  distance.  During  the  teat  union 
only  the  location  at  which  the  pip  waa  stopped  waa  Indicated  Both  the  velocity  of  the  pip  and  the  point  et  which  ii 
app  eared  (in  the  vliual  cue  condition)  or  disappeared  (In  the  temporal  cue  condition)  were  vnried  randomly  which 
insured  that  the  distance  estimates  could  not  be  based  on  a  strategy  such  as  counting.  In  the  temporal  cue 
condition  the  total  flight  time  of  the  pip  (l.c„.the  time  the  pip  required  to  travel  from  the  lop  of  the  window  to  the 
destination  point)  ranged  between  4  and  10  seconds.  This  flight  time  was  broken  tnlo  two  sections  dependent 
upon  whether  the  pip  wet  In  a  blinked  (Invisible)  or  unblanked  (visible)  slate.  The  pip  started  out  at  the  top  of  the 
screen  in  a  visible  state  end  travelled  downward  for  between  2  and  3  secondl.  At  a  randomly  determined  point 
located  In  the  center  one-third  of  the  window  the  pip  wea  blinked  and  then  continued  to  move  down  tha  acreen  for 
another  2  to  3  second  period  before  retching  the  destination  point,  If  the  pip  was  not  stopped  by  a  response  It 
continued  downward  for  12  cm  beyond  the  aeitinidon  point  (well  beyond  the  bottom  of  the  screen).  The  visual 
cue  condition  was  similar  except  that  the  pip  started  In  a  visible  state  it  a  randomly  determined  point  In  the  center 
third  of  the  screen  (corresponding  to  the  point  where  the  pip  wea  blanked  In  the  tenipnral  cue  condition)  end  then 
cnntlnued  to  travel  downward  far  between  2  anti  3  seoontii  before  reaching  the  deitinetion  point.  Again,  the  pip 
would  continue  for  an  additional  U  cm,  or  until  stopped  by  e  response.  The  velocity  of  the  pip  wee  varied 
randomly  between  trials  (subject  v.  the  aoove  time  constraints)  In  both  the  visual  and  temporal  cue  conditions, 

4 .2.4.2  Tracking  Taik.  Die  tracking  task  wu  a  one-dimensional  pursuit  tracking  task  In  which  subjects 
attempted  to  keep  a  line  cursor  within  a  rectangular  box  that  served  as  the  target, 


42,4.3.  Cognitive  Threat  Assessment  Task.  TMs  task  required  subjects  lo  decide  wheiher  an  array  of 
between  four  and  eight  symbols  represented  a  threat  or  non-threat  situation.  The  symbol  set  was  comprised  of 
four  unique  chincters  (® ,  A,  +, A).  Two  of  the  symbols  were  designated  as  friendly  (4, A)  and  two  were 
designated  as  hostile  «#,  A).  One  of  the  symbol!  in  each  set  wu  assigned  a  value  of  I  and  the  other  symbol  wu 
assigned  a  value  of  2,  If  the  eum  of  the  hoitile  symbols  in  the  errey  was  greater  than  the  sum  of  the  friendly 


lymboli  than  the  array  repraiented  *  Ihiwu  otherwii*  It  wu  >  non-threet  Thi  imount  of  time  that  the  my  wu 
vlilble  wu  controlled  to  that  in  both  the  viiual  and  temporal  cut  condltioni  the  threat  array  wu  pra tented  during 
the  nnal  2  to  3  wcondt  of  the  pip'd  flight,  No  feedback  wu  pre  tented  for  correct  rciponiei,  but  Incorrect 
reipontei  were  followed  by  a  ihort  auditory  tone  Indicating  an  error, 


4A  Reeulia.  The  data  In  both  the  temporal  and  vltuel  dlitance  eetlmatlon  condltioni  were  aliened  in 
terme  of  difference  worei  that  wete  computed  for  each  reiponie  by  lubtnoting  thr  pip  flight  time  (l.e„  the 
amount  of  time  flora  the  item  of  the  pipe  flight  until  the  luhjeet'i  reiponie)  from  the  time  the  alp  actually  moulted 
to  reach  the  dentation ,  Thii  prooedure  yielded  a  dme  icon  (In  noondi)  where  e  perfect  eidmats  of  the  diitanos 
received  e  wore  of  0,  undtraidmatei  rtiulted  In  e  negative  icon  end  overaidmatee  ruulted  in  *  positive  icon, 

An  initial  four-factor  anaiyiU  of  variance  (Older  X  Cue  Type  XTaek  Condition  X  lubJeotTypa)  wee 
conducted  to  lneutt  that  muntatton  order  did  not  Influence  the  date.  Thii  anelyeli  Indloated  that  the  order  affect 
wu  nonelgtitfleant,  £  <  1,  and  order  did  not  interact  elgniflcantly  with  tha  othtr  varlablu  (all  £»  <  1 ,7  fit  >  .1). 
Thii  allowed  ue  to  oollipu  emu  order  ter  ell  further  analyui,  The  meant  of  eubject'i  mun  dlfhnnca  mom 
an  pnientrd  In  Table  I  u  a  function  of  cue  type,  condition  and  mbjact  type,  Tha  effect  of  lubjeet  type  wu  alio 
nomlgnlflcant  E(l,14)  <  1,  and  lubjeet  type  did  not  Interact  with  the  other  verleblee,  (ell  Pi  <  1 ,4,  p  >  .29)  which 
Indicated  that  puoti  end  non-pilot*  did  not  differ  in  their  eidmetu  of  dietenee  in  either  the  visual  or  tamporal  cue 
oonditione. 


The  effect  of  cue  type  wu  highly  ilgniflcam £0,14) » 32.8,  p  <  ,0001.  Title  rafleoti  the  fact  that  distance 
eidmetu  In  the  temporal  cue  condition  were  elweyi  inorter  then  the  ectuel  dlitance  whenu  iittmatei  in  the  viiual 
cue  condition  wen  always  longer  then  ectuel  dlitance  (eu  Pit,  6).  Them  wu  alio  e  ilgnlfloant  cue  type  by  talk 
type  Interaction,  £(1,14)  •  6.7,  p  <  01.  An  tnelyili  of  the  effect  cf  cue  type  within  each  level  of  talk  loading 
indicated  that  cue  type  wu  highly  ilgnlfloant  in  etch  of  the  four  loading  condibons  (ell  £e(l,15)  >  24,0,  p  < 

.001).  However,  the  main  effect  of  tult  laid  wu  only  lignlflceni  In  ‘.he  cue  of  tempore)  cuee,  £(1,13)  ■  4.7,  p 
<  ,05. 
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Fig.  6,  Mean  Diffcnnce  iqomi  u  i  funotion  of  condition. 
.  (collepied  acroi*  subject  typo), 


In  order  to  umii  the  effect  of  tuk  loading  the  beiellne  condition  wu  compand  to  each  of  the  other  tuk 
loading  condltioni  for  both  temporal  end  viiual  Judgment*  In  the  cue  of  temporally  bued  Judgment!,  the 
beiellne  condition  did  not  differ  eigniflcintly  from  either  the  cognitive  condition,  HI,  !J)  ■  1,4,  p>  ,23,  or  the 
tracking  condition,  £(1,19) «  2.7,  a  >  .1.  Judgment  timee  in  the  ciiellne  were  ilgitificamiy  ehorter  that;  thoie  ir. 
the  overall  condition,  £(1,15)  ■  13.4,  g  <  .01,  The  lime  paitem  wae  preient  Tor  viiual  cue  Judgment*  In  that  the 
biielin*  did  not  differ  eigniflcintly  from  cither  the  cognitive  condidon,  £  (1 ,15) » 1,4,  p>  .1.  or  the  tracking 
condition,  £(1,13) <  I.  However  the  Judgment  timri  Hi  the  overall  condition  wen  elgnlflcanuy  longer  then  ihoee 
in  the  buellne  condition,  E(1,IS)  ■  8,3,  p.<  ,03. 

Analyiee  were  alio  conducted  on  performance  in  th*  loading  tuk*  In  the  tracking  tuk  the  dependent 
meuure  wu  th*  avenge  ebiolutc  error  (In  pixels)  between  the  cur  tor  end  the  center  of  th*  target  boa.  The  effect 
of  mbjeot  type  wu  nonsignificant  E(l,14)  <  1 ,  end  lubjeet  type  did  not  Interact  elgniflcantly  with  the  other 
vertiblei,  tuIEe  <  1,5  p  >  .2,  Indicating  that  pllota  end  non-plloti  did  not  differ.  Thera  wu  e  highly  eignlficent 
effect  of  tuk  load,  E(1,I4)  ■  38.7,  p<  ,0001,  Indicating  that  tracking  performance  wu  wmie  in  the  overall 
condition  (mean  error  - 132.7)  than  in  the  tracking  condition  (mun  liter  ■  80,9). 

Performance  on  the  eognldva  luk  wu  ueeusd  in  terme  of  the  percent  correct.  Once  egiln,  the  effect  of 
eubject  type  wee  nonelgnifloent,  £(1,14)  »  l,9,p>  ,1  and  lubjeet  rape  did  not  Interact  with  other  verleblee,  all  £e 
<  1,  Th*  only  ilgniflcam  afflict  wu  that  of  talk  load,  £(I,I4)  •  3,6,  p  <  ,03,  refleetlng  the  hot  that  performance 
wu  won*  In  the  overall  condition  thin  in  th*  cognitive  condidon  (80  and  83  percent  correct  ittpeedvely). 

4.4.  Dltcuiiioe.  The  preient  experiment  evaluated  whether  cognitive  proceuee  influenced  the  perception 
of  time  end  dintnce,  Specifically,  the  ttudy  untied  whether  perceived  dlttancei  bued  on  dynamic  vituel  cues 
(thoie  requiring  rate  integration)  differed  from  percept*  bued  on  temporal  cues  end  it  to  whether  thii  difference 
indented  with  Tncreate*  In  the  cognitive  complexity  of  the  tuk.  The  neuiti  Indicated  that  dynamically  bated 
viiual  cuee  and  temporally  baead  cuet  produced  opposite  effect  on  perceived  dlitance.  That  ie,  eidmatu  bated  on 


dynamic  visual  oust  were  always  longer  than  th«  Mtuil  distaste*  whereas  esdmstei  baaed  on  temporal  cum  ware 
alwiyi  shorter  thin  the  Mtuil  dlitance.  Thll  finding  provided  strong  luppert  for  the  prediction  that  subjects 
would  respond  too  toon  when  their  etdmetes  were  blued  on  timing  cun  end  too  lite  when  their  eidmatss  were 
based  on  dynamic  visual  cues,  The  ipitto-tempcnl  distortion  effect  (t.e.,  the  difference  between  visually  based 
and  temporally  based  distance  estimates)  was  significant  in  etch  of  the  task  loading  conditions,  including  the 
baseline  condition,  Cognldve  processing  load  was  alio  shown  to  have  an  effect  In  that  the  spatio-temporal 
distortion  was  larger  In  the  ovtnll  condition  than  In  the  bueline  condition.  However,  the  fact  that  a  substantial 
spado-temporal  distortion  effect  was  present  in  the  bueline  oendldon  resulted  in  the  baseline  condition  not 
differing  from  either  the  cognldve  erthe  tracking  eondlrion, 


5,  CONCLUSION 

Rom  first  principles  It  la  possible  to  theoretically  predict  the  effeot  of  complexity "of  representation  on  the 
percept  of  lime  Intervals  and  dlatanea  Interval!  darived  from  subjective  rate  lntagradon.  The  preasm  study  has 
demonstrated  that  cognitive  product  impact  the  perception  of  both  time  and  dlatanea  and  thaw  affacu  should  also 
Influence  an  aviator'*  same  of  situational  awaienasa,  Per  axrmpla,  a  typical  round  attack  preflla  requites  that  a 
series  of  precise  motor  sequences  be  executed  m  the  pilot  approaches  the  target  while  using  out-of-the -cockpit 
visual  cum.  As  the  cognldva  workload  Inemoaei  on  target  approach,  two  afrecta  would  be  expected.  Pint,  motor 
reiponaea  based  on  timing  cues  should  be  executed  too  soon  (eg,,  a  prematura  weapon  releue)  as  tito  aviator  will 
subjectively  feel  that  more  time  haa  elapsed  than  la  actually  the  cue.  Second,  the  distortion  In  perceived  distance 
will  lead  the  aviator  to  approach  closer  to  tha  target  than  Intended  which  Jeopardise!  million  safety  and  In  th* 
extreme  could  result  In  s  ground  Impact.  Furthermore,  It  Is  unlikely  thit  the  avletor  would  be  aware  that  hie 
percept  was  inaccurate  (l.e„  e  Type!  LOSA;  Bnnsen,  1978)  and  tharefore  it  Is  unlikely  that  the  effects  could  be 
compensated  for. 


The  Tect  that  apado-tamporal  perceptual  dlstortfoiii  are  induoed  by  the  complexity  usoolated  with  pUodng 
modem,  high-performance  aircraft  luggaiti  that  factara  whioh  reduce  cognitive  processing  demands  should  also 
lead  to  a  more  veridical  perception  (Barren,  1 988).  Thll  provides  a  general  rationale  for  the  Incorporation  nf 
dynamic  decision  support  systems  (D‘SZ)  In  tulvaneed  cockpits,  The  reduction  in  the  cognitive  load  on  the  pilot 
engendered  by  such  systems  would  be  expected  to  enhance  the  elterew's  eltuedonal  ewetenesi  end  concomitantly 
Increase  both  mission  effectiveness  and  aircrew  safety. 
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Pror.  Dr.  0.  DRAEOER/Dr.  mid.  R.  SCHWARTZ 
Hamburg  Univaralty  Eye  Department 
Martinietr.  SI)  D-Hamburg  20 
Germany 

Summary i 

National  ind  international  directive*  apaoify  minimal  requirement*  for  sorrastad  and  unoarraotad 
vlaual  acuity  in  military  aa  wall  aa  civil.  aviation.  Than  ia  a  alriklng  difference  batmen  the 
ccrractad  vlaual  acuity  and  thi  minimal  vlaual  acuity  apaoifiad  aa  a  lower  limit,  Doaa  thla  minimal 
acuity  actually  Hava  any  functional  importanca?  The  praaant  axparlmantal  atudy  conoarning  military 
pilot*  daala  Intanalvaly  with  tha  minimal  raquiramanta  nn  viauil  acuity  wninh  gucrnntaa  tha  aafa 
operation  of  an  aircraft.  Tha  invaatigition  rtvaalad  that  tha  apaciflcd  vlaual  acuity  without 

correction  aa  atateil  in  all  diraetivia  ia  net  acceptable  aa  a  lower  border  limit  Tor  aafa  operation 

of  an  aircraft.  It  would  tharifora  bt  potaibli  to  diapanoa  demplataly  with  apaoifiad  minimal 
uncorracted  vlaual  acuity  valuaa.  However)  a  aafa  wearing  of  viauil  ildt  at  all  timaa,  oonaldaring 
cockpit  environment  apaolfiu  ccnditicna  muat  than  ba  guarintaid.  For  air  control  paracnnal  tha 
uncorracted  vlaual  acuity  ahould  net  hava  further  aignlficancee.  In  addltionel  elurilei  we  examined 
the  minimal  raquiramanta  for  tna  radar  controller,  While  reducing  tha  vlaual  acuity  in  drflnad  etapi 
the  rader  controller  had  to  recogniit  critical  eituitiona  during  a  almuletad  approach.  For  tha 
apaoial  aituetion  of  tha  towar  controller  a  viauil  acuity  of  1,D  ia  raqulrad.  Our  taata  with  radar 
controller!  reveal  that  a  reduced  vlaual  acuity  batwaan  0,5  and  1,0  had  nn  algnirioant  influence  nn 
the  failure  ratal,  Tha  vlaual  acuity  in  that  ranga  ia  not  aa  important  aa  for  pilot*  and  towar 
paraonnal. 

Specific  minimal  vlaual  raquiramanta  with  and  without  glaaaaa  era  indiapanaabla  Tor  aafa  operation 
or  an  aircraft.  LORENZ ,  19A)  (1)  already  pointed  out  the  oToae  connection  batwaan  flight  performance 
and  vlaual  acuity,  Not  only  tha  ICAO  but  alao  the  different,  national  atnndardn  include  epacirio 
minimal  vlaual  acuity  valuaa.  It  ia  meat  aurprlalng  that  no  axperlmental  aoientiric  atudy  on 
actually  needed  minimal  vlaual  acuity  nil  hear  performed  until  now.  Ter  thia  raaaon  a  atudy  nib 
conducted  in  cooperation  batwaan  tha  Hamburg  Univaraity  Eya  Department,  tha  German  Air  Forca  and 

Lurthanaa,  In  a  jat  aircraft  aimulitnr  of  tha  German  Air  Force  wa  examined  the  mlnimel  vlaual  acuity 

natdad  far  dlFt'erinl  flight  condition*  and  operational  function!  during  lnatrumant  night  and  vlaual 
flight,  whara  tha  pilot  obtain*  moat  optical  information*  by  lacking  cut  of  the  window,  tha 
tranaition  from  analog  to  digital  diaplaya  or  hand-.'p-dlepliya  require!  Eo  identify  different  type* 
of  optical  information*  vary  quickly.  Additional  demand*  for  tha  pilcta  aya  are  changing  dictation, 
diractiona,  brightneaa  layaia  and  coloura  of  important  flight  information*.  Thar*  ia  no  doubt  that 
auch  complex  vlaual  raquiramanta  need  apeuiflr  viauil  limit*.  At  praaant  thara  arc  different 
national  and  international  directive*  aa  ahown  in  tha  following  indaxi 


Aviation  Racuiationai  VISUAL  ACUITY 

German  Civil  Aviation  Regulation!  < 1988) 

Oarmin  Bundaiwahr  (I960) 

I/tli  o.o.  1,11/0,5 
or  0, 7/0,7 
ft  3  dpt) 

rormari  a.o.  0,3/0, 3 

HU  e.e.  0, 9/0,5 
(I  S  dpt) 

formari  a.c,  0, 1/0,1 

It  a.o,  11,5/0,5 
c.o.  1, 0/1,0 

. . 0,3/a,) 

o,c,  1, 0/1,0 

IUi  a.o.  no  atandard 
c.o.  1, 0/1,0 

U.S.  Civil  Aviation  Regulation*  (FAA) 

U.S,  Airfare*  (19S3) 

1/11 l  a.o.  0, 2/0,2 
c.o.  0,7/0, 7 

lilt  a.o.  ns  atandard 
c.o*  0,4/0, 6 

It  a.o.  1, 0/1,0 

IA  21  yaarai  a.c.  0, 1/0,1 
c.c.  1,13/1,0 

III  a.e.  0, 1/0,1 
e.e.  1, 0/1,0 

till  a.o.  0,05/0,05 
e.e.  1,0/P, 7 

Baaldaa  than  atandarda  Comarolal  Air  Linaa  have  much  etnetar  qualification  vslua*.  Particularly 
In  Europa  the  antranea  teata  for  civil  pilota  raquira  an  uncorractad  vlaual  acuity  of  1,0  on  both 
ayaa  (2,)).  If  one  lacks  at  the  atandarda  for  minimal  vlaual  acuity  one  should  aak  which  objective 
criteria  have  been  uaad  to  aatabllsh  thaan  requirements,  For  example  commercial  aircraft  pilota 
wearing  glaaaaa  should  have  a  visual  acuity  of  1,0  in  both  ayaa  but  an  uncorrentec  acuity  of  only 
0,3  has  bean  considered  to  ba  sufficient  too,  Euan  morsel  Parachutists  (Cat.  Ill)  for  Instance 
have  to  aalact  very  qulokly  a  eafe  landing  point  (A)  under  similar  visual  requirements  (s.c,  0,1). 
Also  glider  pilota  (Cat.  ill)  havt  to  organiia  avary  phase  on  thair  flight  without  using  an 
inatrumsnt  from  taka  off,  estimation  of  flight  path  and  looking  for  a  auitabli  landing  point  under 
the  aims  eatagory  for  tha  uneorraotad  visual  acuity,  The  eooapted  large  difference  between  the 
limits  for  tha  corraetad  and  uneorraotad  visual  aoulty  levels  oan  only  be  explained  by  the 
assumption  that  a  pilot  doss  not  only  oarty  along  a  apera  pair  af  glaaaa*  in  any  eaas  but  ha  also 
is  ablt  to  put  it  an  Immediately  aftar  lose  of  hit  glaaaaa  in  cate  of  an  amarotnoy.  Tha  importance 
of  the  unoarraoted  vlaual  acuity  laval  will  appear  in  a  quit*  different  light  if  you  oonaidar  tha 
glider  pilot  in  turbulent  air  or  even  tha  paraohutlat  whole  glaaaaa  are  awapt  from  hia  noaa,  la 
tha  limit  for  the  uncorractad  minimal  vlaual  acuity  really  tha  limit  of  a  oartain  vlaual  laual  to 
terminate  a  flight  or  ia  it  simply  an  alibi  value  of  no  functional  importance?  If  we  assume  that 
this  value  should  ba  of  somii  however  ltttia  funetional  importance,  it  ia  worthwhile  to  look  at  it 
in  more  detail, 

Firat  wi  performed  exparimtntil  taata  which  ahould  quantify  tha  relation  between  vlaual  aoulty  and 
flight  psrformanes,  Ik  military  pilota  wheaa  vlaual  aoulty  was  reduced  Ir.  daflnad  atapa  by  so 
called  "Banger tar  folia"  hat  to  accomplish  apaoial  taaka  during  a  simulator  program.  Another  teat 
was  performed  by  oommerolal  pilota  in  a  similar  way.  Ida  noted  apeoifio  observation,  all 
operational  arrora,  tha  required  tima  and  finally  an  overall  evaluation  of  the  respective 
simulator  miaalon.  Tha  military  pilota  war*  examined  in  a  Tornado  aimulatnr  with  digital  and 
analog  indicators,  Similarly,  routine  aetlona  had  to  bl  acoompllahtd.  Sudden  amarganolaa  as  angina 
failure,  temperature  problem*,  preaaura  daeraaaa  in  tha  hydraulic  system  ato.  war*  integrated  in 
tha  simulator  program  to  bw  able  to  ohaok  tha  time  needed  for  rei onnttion,  allocation  and  inltlon 
of  oountar  measures  under  aggravated  viaion  condition*.  In  addition  to  monitoring  the  external 
areas  through  tha  wlndowa  tha  instrument*  had  also  to  ba  monitorad  at  dlatanoea  batwaan  7 t  and  *0 
cm, 

A  vary  high  vlaual  aoulty  laval  of  about  0,7  waa  needed  for  thm  correct  reading  or  tha  moving  map 
display  indicator.  A  vlaual  aoulty  laval  of  even  0,9  ia  needed  for  adjusting  specific  lnatrumanta 
which  ar*  important  for  approach,  For  rather  aaiantial  funutiona  a  minimal  vlaual  aoulty  of  0,6 
moatly  waa  aurfioiant,  Tha  pilota  stated  that  in  aaaa  of  an  emargansy  they  still  regard  a  vlaual 
acuity  laual  of  0,1  a*  suffioiant  far  terminating  a  flight  aafaly,  Tha  weapon  ayatem  oparator  who 
ia  fully  dependant  on  tha  pilot,  howavar,  required  a  minimal  vlaual  aoulty  of  0,7. 

In  ooopantion  with  tha  Lufthansa  m  parromad  aimllar  teata  on  a  mm* trial  aircraft  (B  747).  In  contrast  to  a  Tomato 
codqcit,  there  tha  individual  indicators  era  relatively  dearly  arrangad,  the  codgilt  of  a  B  747  la  nuto  item 
•eotlfralliad  with  mrd  to  ttm  available  apaue.  Ihe  B  last  mbjarta  wan  pilota  betyaaat  Afi  and  S4  ywara  of  aga  and 
dtowad  a  diatimt  OMcyqsii.  All  pilota  ware  shipped  with  optimal  ctr ractlcr  glaaaaa  appropriate  thair  ptaabyqiia,  stolen 
had  ban  worn  it  iaaat  fbr  2  mentha  ragilarly  to  gat  uaad  to  that.  At  firat  only  glaaaaa  of  VAftU.UK  typs  wars  uaad.  tha 
vlaual  acuity  waa  reduoad  with  Bangartar  folia,  All  teat  subject!  had  a  oorraotad  visual  acuity  or 
at  least  1,0,  Tha  pilota  partioipatlng  In  tha  atudy  oenduotad  a  total  of  21  taat  riighta  or  10-lb 
min.  duration  aaoh.  The  taatad  minimal  visual  acuity  levels  ware  batwaan  0,1  and  0,3.  Tha 
•imulator  program  waa  oenduotad  under  no-wind-aonditloni  at  a  vialbillty  or  2.900  m  and  a  cloud 
bail  of  1.000  feat,  firat  a  tap  af  tho  aimulatnr  program  waa  looking  through  tha  ohaok  liata.  All 
routine  actiona  wara  loeompllahod,  Than  a  manually  operated  ADf.approacn  waa  oarriad  out  and 
varioua  amarganoy  altuatlona  wara  proved,  for  lnatanoa  an  unexpected  moving  object  on  tha  runway. 
Tha  reaulta  of  our  atudiaa  ravaalid  a  minimal  acuity  laval  of  0,4  to  ba  abla  to  make  at  Iaaat 
rough  intarpratatlana  of  the  charts  but  only  whan  using  an  additional  spot  light,  Evan  a  visual 
acuity  .laval  of  0,3  did  not  ollow  the  reliable  raiding  of  fine  details  of  tha  approach  charts.  On 
tha  other  hand  the  JNS  coordinates  could  alriady  ba  entered  at  a  vlaual  aeuity  laval  of  0,3.  Ivan 
nt  a  visual  aoulty  laval  of  0,3  the  DUE  could  only  ba  interpreted.  Thia  waa  alto  tvua  for  tha 
readability  of  tha  fuel  gauge  Indicator  and  tha  hydraulio  system.  A  vlaual  aoulty  laval  of  0,3 
barely  allowed  tha  raiding  of  tha  air  apaad  indicator,  heading  indicator  and  altlmiter.  Thia  would 
approximately  be  tha  minimal  visual  acuity  laval  required  for  landing  on  aircraft  under  sxtrume 
amarganoy  oonditions.  Thia  limit  would  only  be  trua  for  an  approach  which  is  completely  familial' 
to  the  pilot  bioausa  exactly  the  double  vlaual  aoulty  laval  la  required  ror  reading  the 
lndiapanaabla  approach  charts,  and  this  ahould  baaietlly  constitute  tha  value  of  tha  minimal 
vlaual  aoulty  In  oaaa  of  an  amarganoy,  An  uncorractad  vlaual  aoulty  leve^  of  0,3  certainly  ia  not 
auffieient  for  aafaly  flying  and  landing  airoraft  under  eomplloatid  condition*.  Thia  laada  tn  tha 
question  whither  it  ia  helpful  to  apaoify  tha  unoorraotad  vlaual  aoulty  in  atandarda.  In  fart, 
auoh  unoorraotad  vlaual  aoulty  lovoia  ahould  allow  aara  operation  of  an  aircraft,;  and  in  thia 
oaaa,  howavar,  thay  should  ba  aat  much  higher  than  It  hie  baan  tha  praotioa,  If  we  completely  do 
without  limiti  for  tha  unoorraotad  minimal  visual  acuity  wa  at  lint  ahould  have  limit!  for  tha 
eorraoting  glaaaaa,  Such  a  new  prooadura  would  raquira  that  than  oorraoling  glaaaaa,  If  required, 
are  permanantly  worn  during  flying  oparationi. 


In  thi*  omb  mort  attention  nasda  to  oa  axtandad  on  tha  apaoifio  daaign  of  apaclacla  framaa  than  la 
pcaaantly  tha  coaa  for  pilot'*  glaaaaa.  Furthermore  ''human  fuctoi  deuign"  la  naadod  riot  only  In  tha 
arrangement  of  tha  pllot'a  aaat,  In  canfcrmanca  with  body  ahape  of  the  aaatbalta,  In  the  cockpit  air 
conditioning  ayatam  but  rather  alao  In  tha  logical  and  optical  arrangamant  of  instrument*  and 
operating  controla  in  auch  a  way  that  alao  tha  aanior  praabyopio  pilot  la  able  tu  aafa  operating  hla 
airoraft  without  wearing  oonplea  apaolal  purpoaa  glaaaaa • 

for  tha  tswar  controller  who  hae  to  obaarua  tha  air  apaot  and  tha  apron  tha  raquiramar.ta  of  tha 
minimal  ulaual  acuity  ahould  ba  aimilar  to  elaaa  1  pilot*.  Limit a  for  eorraetion  valuta  of  tha  glaaaaa 
or*  not  important. 

In  our  atudiaa  wa  only  anaminad  air  traffic  radar  control  pareannel.  In  cooperation  with  the  federal 
Air  Traffic  Control  Agency  our  atudiaa  war*  performed  at  tha  radar  aimulator  of  tha  Munich  Training 
Canter,  Tha  average  dlatano*  between  tha  nantrollar'a  aya  and  tha  diuplay  ranged  from  70  to  PC  cm. 
further  tachnioal  dataila  of  the  Talefunkan-Monitor  SIC  joint,  that  waa  uaad  For  our  atudieei  Imago 
repetition  fraquancyi  J0-60  ha,  Every  10  aao  the  targat  poaition  la  reloealliad.  The  alia  of  a  normal 
target  label  la  2,)  mm,  in  oaa*  of  an  emergency  daalgnaHon  1,5  >,  oorraaponding  to  9,5-11,5  angular 
minutaa. 

11  taata  aubjaota  took  part  in  tha  atudy,  2  In  the  age  about  30  yaari  and  9  in  tha  ago  about  50  yaara, 
with  adequate  emparlance  In  flight  control  parformanca,  All  teat  aubjaota  had  a  oorraotad  or 
unoorraotod  ulaual  acuity  of  at  laaat  1,0,  Similar  to  our  taata  with  pilots  tha  ulaual  aouity  waa 

raducad  by  defined  blurring  the  teat  aubjact  with  "Sangartar  rolla",  Tha  reduced  ulaual  acuity  waa 

controlled  before  and  after  a  teat  for  lach  aya  acparttaly,  Uaing  different  "Sangartar  folio"  wa 

aohiavad  a  defined  reduction  of  tha  viaual  acuity  between  0,5  and  1,0.  During  the  15  min,  aimulator 

run  5  different  critical  events  had  to  ba  identified,  Wa  differentiated  3  categories  of  recognition! 

1.  lndioation  or  danger  immediately  riosgnlttd 

2.  Indication  of  danger  delayed  but  without  aerlcue  oonaequenoee  reoognired 

3.  Indication  of  danger  not  or  too  late  racoqnirad 

The  followlnq  typical  indloatlone  of  danger  had  to  be  racogniredi 

1.  Targat  label  with  ldent  mode  (blinking) 

2.  Change  of  target  label  with  and  without  transponder  coda 

3.  Change  of  target  label  to  emergency  indication 

4.  Loss  of  targat 

5.  Repetition  of  danger  indication  with  different  targets, 

As  expected  tha  failure  rata  of  aaah  teat  parson  increased  by  reducing  the  ulaual  acuity,  Wa  found  a 
great  uariatlon  between  different  teat  peraana.  for  example  an  older  last,  parson  with  a  raducad  ulaual 
aouity  to  0,5  rsoognlted  all  5  indication*  or  danger  without  any  delay  while  other  teat  parsons  with 
unblurrad  ulaual  acuity  of  at  laaat  1,C  did  nut  racogniae  1-2  Indication!  of  danger.  The  ulaual  acuity 
In  tha  examined  range  aaamad  not  to  ba  tha  only  Important  factor  for  aafa  radar  control  performance. 
AIlo  professional  experience  and  mental  awaronaaa  are  playing  an  important  role,  from  our  reaultn  we 
onnolud*  that  a  ulaual  aouity  of  P,7  and  a  correction  limited  to  *  5,9  dpt  (similar  to  elaaa  111)  aro 
aufflciant  For  a  aaua  radar  air  control  parformanca.  In  tha  future  also  colour  discrimination  baoomoe 
mor*  Important  uaing  ntw  radar  monitoring  ayatama  with  colour  coded  Informations  on  high  reaolutlon 
display*,  furthar  atudiaa  on  this  new  field  are  under  investigation  and  we  expect  to  present 
additional  results  on  tha  next  ACARD  Masting, 
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PKRTORXANC*  d«  THACKIMQ  at  INPLUWCl  du  CHAW  da  VISION 


Patrick  IAHGOH  at  Alain  LKdiR 
Cantra  d'aaaaia  an  vol, 
laborstoir*  da  midaeina  airoapatial* 
r>»iaao  imtioxy  air 


La  vision  an  ohamp  visual  limit*  dsviant  habitual!*  avao  l'amploi  da  aystkmaa 
optroniquaa  mantis  sut  la  oaagua.  pour  i valuer  1'influsnos  da  osa  dispositifa  aur  la 
performance  das  opirataurs,  las  affats  da  plusiaurs  nivaaux  da  raatriotion  visualla  sur 
una  tleha  da  making  viauo-manual  at  aur  la  coordination  aail-tit*  ont  *t*  test**. 

La  perform*:, ja  aat  moddrimant  ddgradda  guand  la  ohamp  visual  diaponlbla  aat  patit 
(90*).  aans  atra  amdliorda  an  ohamp  intarmidiair*  (70*1,  L' origins  da  oatta  digradation 
doit  itra  raeharohia  dans  la  miss  an  jau  da  mioaniamaa  adaptatifa  nauro-aanaariala 
niaaaaitia  par  la  raatriotion  du  ohamp  plutdt  qua  dana  laa  aatraintaa  biomioaniguaa  impo- 
aiaa  par  amplitude  du  meuvamant  da  oibla.  cat  aapaot  aat  contort*  par  I'analyaa  da a 
modifioations  da  la  aoordination  oall-tita  liiaa  k  la  tort*  raatriotion  du  ohamp. 


i  umadnaUfifl 

La  situation  da  vision  avao  un  ohamp  limit*  davlant  da  plua  an  plus  friguents  an 
mlliau  mllltaira,  avao  l'utiliaation  da  diapoaltifa  optroniguaa  assoolia  aux  ayatimaa 
d'armas.  cartaina  da  oaa  dispositifa  annt  mentis  aur  la  oaagua  de  l'opirataur.  II  paut 
alors  a'agir  d'una  raatriotion  phyalqua,  comma  sails  riaultant  da  l'amploi  da  dispositifa 
d'aida  A  la  vision  nooturn*,  ou  d'una  raatriotion  "fonotlonnalla"  Ilia  i  l'amploi  d'un 
vlaaur  da  oaagua.  Sur  la  plan  phyaiologlgua,  uu  double  probllms  aat  posit 

-  la  vision  piriphirigua  intarvlant  dana  la*  prooaaaua  d' orientation  apatiala.  La 
dtprlvation  du  champ  visual  piriphiriqu*  provoqu*  una  situation  prioccupanta  pour  la 
oonseianea  da  la  aituation.  LlinowiTi  aoullgnait  il  y  a  gualquaa  anntaa  qua  la  conduits 
da  nuit  itait  partloulliramant  dangarouaa  ear  laa  donntaa  d'oriantation  liiaa  A  la  viaion 
piriphirigua  itait  oonaarviaa  alors  qua  la  vision  oantrala  itait  digradia.  A  l'hauro 
sotuslla,  avao  las  dispositifa  da  d'ald*  k  1*  vision  nooturn*  pour  las  hillooptiraa  at 
laa  avion*,  la  situation  aat  lnvaraa.  La  vision  oantrala  aat  oorraotamant  maintanua, 
mala  su  prix  d'un*  dlsparltion  da*  rifiranoaa  d'oriantation  da  la  viaion  pariphiriqu* , 

•  la  limitation  du  ohamp  da  viaion  amin*  igslamsnt  da*  parturbationa  importantaa  an 
tarmaa  da  coordination  oail-tstr  at  lolliolt*  fortamant  la  plaatioiti  dsa  aouo  ayatimaa 
ImpUguia  dans  oatta  aotivlti  (OAUTHISR,  1SI7). 

La  priaant*  ituda  avalt  pour  objaotifa  da  taatar  laa  affsts  de  1' amplitude  du 
ohamp  da  viaion  dana  daux  types  de  tiohas,  pourautt*  visualla  simple  at  pourauitr 
viauo-manualln,  dana  diffivanta*  conditions  d'axoantriolti  da  la  oibla.  Dana  un  premier 
timps.  nous  avoni  nonaldiri  1*  parformsno*  rtaliai*  an  traokinq  manual,  puis  noua  sommas 
intiraisis  aux  modifioations  du  oouplag*  oaii-tit*  anragietrias  dans  la*  diffirantaa 
oonfigurstlons  tastisa, 


9  HtohatetoaiR 

2.1  LiepoulLlf  oxpbi .1  mental 

II  oomprand  un  aiiga  fix*  sur  lagual  la  aujat  aaala  aat  farmamant  maintenu  par  un 
hsrnaia  thsrsoiqua.  Las  mouvamanta  da  as  tit*  aont  libras. 

Un  prsjeotaur  laser  Hilium-Nion  aat  monti  aur  un  affflt  mobile  autour  d'un  ax* 
vertical  prooh*  da  1'ax*  da  rotation  da  la  tit*.  11  projstta  sur  un  icran  himlsphirlgua 
una  oibla  ponotuall*  rougs  da  1/4*  environ.  Da  plus,  1*  dispoaltif  permat  la  projection 
d'un  ritioula  annulaira,  aommandi  an  vltaaaa  par  un  Joyatiok  plaoi  antra  laa  ganoux  du 
aujat.  La  aujat  a  pour  tloha  da  maintanir  1*  ritioula  autour  dr  1*  oibla  an  mouvamant. 
Laa  ioarta  inatantanis  oibla  ritioula  aont  anragistrts  nu  jours  da  ohsqu*  easel.  Ils 
permattant  da  oaraotirisar  U  parformanca  riuaaia  par  daux  indies* i 

i'ioart  quadratiqua  moyan  l.g.N.  (  Root  Mean  squared  Irrer  -  R.N.I.  error) 

1'ioatt  maximum  instentani  l.M.X,  raoutilU  au  ooura  da  1'aaaai. 

Un  dlapoaitif  port*  par  la  tits  parmat  d'appllquar  una  raatriotion  du  ohamp  d* 
vision  au  moyan  da  diaquas  parforia  ujustia  a>>ant  la  Sibut  dsa  aaania. 


On  rasuaill*  pour 
Klaotro-Oaulo-draphla  (1.0.9,) 
ayattma  potent iomitriqu*. 


ohaqua  asaai  laa  mouvamanta  ouulairsa  par 
at  laa  mouvamanta  tit*  autour  da  1'axs  vertical  par  un 
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2 . 2  Protocols 

2.2.1  Pramitra  atria  axptrimantala 

Sana  una  pramitra  atria  d'axptrlanoaa,  laa  aujata  ont  au  k  aeoomplir  una  tteha  da 
tracking  viauo-manual  aur  una  nibla  aa  dtplagant  aalon  un  mouvamant  horliontnl  da  granda 
amplitude  (i  85*),  aulvant  una  loi  osainuaoldala.  La  oibla  a  ttt  prtaantta  au  aujot  aalon 
troll  vitaaaa  (0.5  rd/a,  1.0  rd/a,  l.i  rd/a),  l'ordra  daa  vitaaaa  daa  aaaaia  auooaasifi 
ttant  altatoira.  Daux  condition!  da  champ  da  viaion  ont  ttt  ttudita,  champ  libra  at 
raatriotlon  binoaulalra  daobamp  da  viaion  120*}.  Chagua  nivaau  da  raatrietion  itiaant 
1'obj?*-.  d'una  aoaaion  axptrimantala. 

Caa  rtaultata  ont  ttt  eomparaa  avao  una  condition  da  rtftranoa  an  viaion  ohamp 
libra,  aana  aucuna  tloha  da  traaklng  manual. 


2.2.2  lac  Ida  atria  axptr (mentals 

?ana  una  aaoonda  atria  amtrimantala,  laa  aujata  ont  au  i  axteutar  una  tteha  da 
ng  aimilsira.  Troia  amplituda  crtta  du  mouvamant  ont  ett  utiliataa  (41*.  17*,  »»■), 
tandia  qua  la  vltaaa  ortta  da  la  oibla  ttait  toujoura  maintanua  h  0 , 5  rd/j.  Troia 
nivaau*  da  raatriotlon  du  ohamp  da  viaion  (20*,  70*,  ohamp  odaaplot),  ont  ttt  oxplorta 
taiaant  chaoun  l'objat  d'una  aaaaion  axptrimantala. 

kvant  ohaqua  atria  sxpdi  imantala ,  laa  aujata  ont  ragu  un  antratnamant  juaqu't 
obtantion  d'una  parformanea  atabla  an  plataau. 


1  r.taultata 

3 . 1  Part  omanoaa 

3.3.1  ktaultata  da  la  pramitra  atria  axptrimantala 

•ur  1m  figura  n'l  aont  porttaa  laa  mayannaa,  toua  aulata  aonfondua,  daa  l.g.N., 
flgurta  par  un  oarola,  at  laa  l.M.X.  figurta  par  un  earrt.  La  viaion  libra  aat  figurta  an 
alalr,  la  viaion  raatrainta  an  noir.  In  abaolaaa  aont  indiqutaa  laa  troia  vitaaaaa 
taattaa  dana  laa  daux  aana. 

L'anilyaa  atatiatiqua  daa  rtaultata  montra  una  dtgradation  algnifioativa  da  la 

farformanoa  quand  la  vitaaaa  da  la  oibla  augmanta.  Par  aillaura,  ila  montrant  auail  qua 
a  raatriotlon  da  la  tailla  d.  ohamp  da  viaion  n'aat  alqnirioativa  qua  pour  laa  vitaaaa 
laa  plua  tlavtaa. 

A  I'lcaua  da  oatta  axptrlmantation.  il  apparaiaaalt  qua  qua  la  raatriotlon  du  ohamp 
da  viaion  pariphtriquo  pouvalt  aff setae  uno  ttoha  payohomotrioa  attaotuta  an  viaion 
uontrala.  On  pout  ponaar  qua  oatta  ddgradation  aat  lita  I  la  aortia  hora  du  ohamp  viaual 
•oit  da  la  oibla,  aolt  da  l'tltmant  eontrfil.t,  Capandant,  laa  l.H.X. ,  qui  na  oonatltuont 

Saa  habltuollamant  un  indloa  partlnunt  da  la  performanoo,  aa  aont  toujoura  tanua  an  dagt 
aa  llmltaa  daa  20*  du  ohamp  diaponlbla.  Ca  plua,  aueun  aujat  da  1'axptrianoa  n'a 
rupportt  do  parts  viaualla  da  la  oibla  ou  du  rttlaulo  annulaira  da  viata.  On  pout  dona 
ponaor  quo  la  eauaa  da  la  dtgradation  do  la  parformanoa  lita  t  la  raatriotlon  da  la 
tailis  du  ohamp  da  viuion  aat  duo  a  una  oontralnto  ortta  par  la  modification  du  oouplaga 
oall-ttta. 


1,1.1  Mtaultata  da  la  aaoonda  atria  axptrimantila 

•ur  la  figura  n*2  sent  flgurtaa  iaa  valauri  an  dagrta  daa  lndioaa  da  parformanea 
S.O.H.,  rangta  aalon  I'axoantrloitt  da  la  nibla,  L'analyaa  atatiatiqua  daa  valaura  n'a 
paa  mia  an  dvidanoa  da  dtgradation  da  la  parformanea  lita  a  I'axoantrloitt  da  la  oibla. 

lur  la  figura  n*3  aont  raportta  laa  mtmaa  indicia,  an  fonetion  da  la  dimanaion  du 
ohamp  viaual.  L'analyaa  atatiatiqua  da  noa  rtaultata  montra  una  dlfftranoa  algnifioativa 
antra  la  patformanoa  rtuaala  an  ohamp  libra  at  la  parformanoa  an  ohamp  trta  ttroit 
(20*).  Dana  laa  oondltiuni  axptrimantala  prtasnttaa,  1' exploitation  atatiatiqua  daa 
rtaultata  obtanua  pour  la  parformanoa  da  tracking  manual  donna  daa  rtaultata  ambigua  pour 
aa  qui  oonearna  Vinflusnos  da  1'axtanaion  du  ohamp  da  20*  k  70*.  Oatta  axtanaion 
n'apporfca  paa  d'amtlioration  algnifioativa  da  la  parformanoa.  Invaraamant,  la  riduotion 
du  ohamp  da  viaion  da  ohamp  libra  k  70'  na  la  dtgrada  paa  aignifioativamant. 


1.2  Coordination  ooil-Mta 

li  on  oonaidtra  tout  d'abord  la  oondltion  ohamp  libra  eomma  una  oondition  da 
rtfdranei,  1'axaman  daa  maauraa  daa  mouvamanta  da  la  tlta  at  daa  yaux  montra  daa 
difftranoaa  aalon  qua  la  aujat  axtouta  ou  non  aimultantmont  una  tteha  da  tracking 
viauo 'manual . 

La  oouplaga  ooil*ttta  ralavt  au  ooura  d'una  almpla  pouraulta  viaualla  an  ohamp 
libra  aat  illuatrt  aur  la  figura  n't.  t1 amplituda  du  mouvamant  oeultira  aat  tio*  anviron 
pour  un  mouvamant  da  ragard  da  its*.  La  HttflCK  (i.a.  dlfftranoa  inatantahta  antra  la 
position  da  la  oibla  at  la  position  du  point  da  ragard j  aat  prooha  da  0*.  Quand  la  mtma 
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aujat.  dans  It  mint  condition  dt  vialon  ehtmp  libra,  txdeuta  aimultandmant  unc  ttohc  dc 
tracking  vleuo-manual  (flour*  n*4),  on  oontttt*  out  1*  traoking  tat  affactud  au  prlx 
d'unu  forta  diminution  d*  1' amplitude  da  mouv*m*nt  da  la  ttto  sompansta  par  u-  irouvamant 
oeulaira  da  plua  granda  amplaur,  pulaqu’il  attaint  10*  environ,  k  droit*  da  la  figur*  aat 
affioh*  la  tract  da  l'doart  lnatantand  cibla-rdtloul*.  La  llgna  droit*  indlcu*  qua  1* 
rttioul*  a  4t«  parf alternant  maintanu  aur  la  aibl*  pendant  l'aeaai,  praaqu*  juaqu'd  la 
fin.  Cat  axompla  oonoarna  laa  aaaaia  portent  aur  da*  oiblaa  trda  axoantrdaa,  mala  la* 
mlmaa  tnndancaa  aont  trouvdaa  aur  daa  oiblaa  da  maindra  axeantriaitd. . 


L'affat  da  la  raatrlotlon  du  champ  viaual  apparait  au  eeuxa  da  la  tloh*  dt  peurauit* 
dda  1*  premier  niveau  da  raatrlotlon i  La  figure  n'l  mentra  un  tx*mpl*  da  peurauit* 
viauaii*  almpia  axteutt*  an  vlaion  champ  libra  par  un  autre  aujat,  I'axaantrloltd  da  la 
oibla  aat  »I7* ,  l' introduction  d’una  raatrlatian  du  ehtmp  da  viaion  d  434*  (figure  n*7) 
proveque  un*  natt*  diminution  daa  mauvamanta  ooulairaa.  Hataa  eapandant  qua  la  mouvamant 

*  ..  -  — —  libra  aur  la  figur*  n*6  aat  phyaiguamant  eempatibla  tveo  1* 

"  it  partie  aauaha  da  la 


obaarvd  an . condition  champ 


dan*  eatta  configuration.  aur  __  . 

. a  du  champ  viaual.  _  _  _ 

au  dlminuda  da  la  valaur  da  la  talll*  du 


, _  figuta, 

ilia*  aant  aalouliaa 


ohamp  da  vialon  diapon _  .  _ 

laa  polntlllta  raprdaantant  laa  limitaa  du 
ralativamant  d  la  petition  da  la  tdta,  augmantda 
champ  dc  viaien  (ieii  34*). 

La  figura  n*l  mentra  laa  ocnadguaneaa  d'una  ferta  raatrlotlon  du  ohamp  viaual 
<410").  L'oail  aat  guaal  limoblla  dana  l'erblt*  pandant  la  peuriulta,  tandla  qua  la  tit* 
pert*  l*  regard,  gui  ratt*  aantrd  au  mlliau  du  "tuba"  da  viaien. 


Laa  figuraa  N't  at  10  rdaumant  laa  diffdrantaa  maauraa  da  poaitlona  ooulairaa  d 
diffdranta  inatanta  da  ohaoun  daa  aaaaia,  aalen  la  tdeha  affaetudt.  La  figura  n'l  ddorlt 
laa  poaitlona  moyennua  daa  yaux  an  fonetion  da  i'inatant  da  la  mature  pandant  l’oxteutlon 
d'una  aimpl*  peurauit*  viaualla.  Laa  mouvamant  obaarvda  an  ehtmp  libra  y  aont  infdrlaura 
d  10* ,  La  figura  n*10  laa  ddorlt  pandant  I'axdoution  d'un  tracking  viauo-manual .  Laa 
mouvamant  ooulairaa  obaarvda  y  aant  da  plua  granda  amplltuda,  mala  raatant,  mdm*  an 
vialon  ohamp  libra,  lntdriaura  a  io*. 


4.1  Parturbatlona  du  oounlac*  aall-tdta  at  vlaaur 

La  ttoha  da  traoking  utiliaia  aat  uni  "peurauita"  (foulton,  1*74),  o'eat-d-dira 

3ua  laa  daux  diamante  viaual*  da  la  tdohe  tent  mabllaa  dana  1*  ohamp.  La  piupart  daa 
lapoiltlf*  d*  vied*  mantda  aur  la  tdt*  font  l'doenomla  da  la  bouol*  d*  oontrOl*  manu*ll* 
du  rdtloul*.  11  a'aglt  dona,  dana  a*  dernier  aaa,  da  traoking  oomptnaetolra  oti  1* 
rttioul*  oooupa  una  poiitlon  fix*  dana  la  ohamp,  1*  oontrfil*  appligud  par  l'opdrataur 
a'axargant  aur  la  paaition  relative  da  la  oibl*. 

D1 Important*!  modifloationa  du  oouplag*  oail-tdt*  aont  trda  olairamant  apparuaa 
antro  laa  diffdrantaa  aituatlona  axpdrimantalaa  utiliadaa  lora  da  eatta  dtuda.  L'un  daa 
point*  laa  plua  nata  pandant  la  tloh*  da  tracking  vliuo-manuol  cat  la  rcehareha  d’una 
plua  grand*  atabllitd  do  la  tdta,  aiaocida  k  una  plua  grand*  mobllitd  da  l'oail.  baa 
oonditlon*  do  rnafc riot ion  du  ohamp  da  vialon  eontrarient  prefonddmont  co  boasin.  11  faut 
ramarguar  lei  la  aimilituda  gui  axtata  avao  un*  aituatlen  da  vlaaur  olair  oh  l'oail  dolt 
prtndr*  un*  rdfdrana*  fix*  dan*  It  ehtmp  dt  viaion,  quail*  qua  tolt  tier*  1' amplitude  da 
oalui-ai. 

Laa  condition*  da  ohamp  do  viaion  utiliadaa  au  ooura  da  1* dtuda  eminent  d  una 
double  tloh* i  mattia  1*  oibl*  an  poiitlon  relative  fix*  dana  1*  ohamp  do  viaion  at 
aligner  1*  rdtloul*.  aur  o*  point  la  traoking  oomponaatoira  affoetul  avac  la  tit*  avoo  un 
vlaaur  aambl*  un*  aolutlon  plua  adapt!*  pulaquHl  aupprim*  una  bouola  da  oontrdl*. 
capondant  ea  modo  do  tracking,  i'll  aat  aaieeit  d  uno  tloh*  manually  da  pilotage,  prut 
auaai  a*  rdvdlor  pdndliaant  aur  la  plan  da  1*  ptrformanoa,  puiaqu'll  impllqu*  daa 
aaraotdriatiquaa  do  ddplaoamant  da  la  tlto  contraignantna, 

L'utlllaation  da  vlaaur*  trda  grand  ohamp,  eemmt  oaux  dvoqud*  pour  1*  projot 
amdrletin  da  eookpit  virtual,  aaralant  inoohdranta  avao  1*  mod*  do  traoking 
oumponaatolro.  La  pourauit*  avoo  un  rdtiaula  moblla  command*  manuallamont  pourralt  alora 
oonatituar  un*  aolutlon.  lur  la  plan  da  1'ooulomotrieltd  at  du  oouplag*  oail-tdta, 
1'optlmiaation  da  tala  viatura  niaaaait*  vraiaamblablamant  da  peuvoir  utiliaor  la 
dlraatlon  du  regard  pout  la  fonetion  do  ddalgnation.  Motona  au  paaaaga  qua  laa  amplitude* 
da  mouvomant  ooulairaa  ranoontrdaa  au  oeura  daa  pourauit**  aont  oohdrantaa  avao  laa 
performance*  attenduaa  daa  tyatdmaa  da  maaura  an  oeura  da  ddvaleppamant. 


4.3  Dimanalnn  du  ohaam  da  viaion 

4.3.1  iffata  aur  la  aeordinatlan  oall-tdt* 

La  prdaant*  dtuda  a'intdraaaa  d  un  ohamp  da  vialon  binooulairt  elmlalra. 
Capondant,  du  fait  da  I'axdoution  da  la  tdahe  dana  un  plan  heriaontal,  1'analyaa  daa 
rdaulttta  ne  pout  patter  qua  aur  daa  oonaiddratiena  lldaa  I  1' attention  latdrala  du 
ehtmp. 

La  probldma  da  la  dimanaion  du  ehtmp  daa  ayatdma*  optronlqun  mantda  aur  eaaqua 
paut  dtr*  oonaiddrd  comma  crucial,  outre  laa  aiffieultda  technique*  ranoontrdaa  dana  la 
rdaliaation  da  ayatdmaa  "grand  ohamp",  la  ooflt  daa  viatura  prdaant*  una  natt*  tandane*  I 
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eugmantar  aur  un  mTd*  exponential,  an  fartotion  da  I'amplltuda  du  champ  requia.  D'autra 

5/rt,  U  dimenalon  du  ohamp  aonditienna  dgalomant  1 ' anuombremont  du  ayatdme  at  la 
latanea  oali-vlaaur.  La  probltma  da  l'anaombramant  ait  partloulidramant  Important  dana 
la*  avion*  d'armaa,  du  fait  da  1'axlguitd  daa  omckpit*  at  daa  dvnlutiona  aoua  faetaur  da 
oharga. 

Dana  oatta  optlqua,  laa  rdaultata  obtanua  avaa  laa  ohampa  da  20*  at  da  70*  au 
ooura  do  notra  4tuda  ouvrant  una  yola  da  rdflsxion  intdraaaanta .  On  aonatata  qua  laa 
modifioationa  du  eouplaga  oall-tlte  induitaa  par  la  raatrietlon  du  a damp  aont,  d'una 
manldra  ralativa,  aaaai  proohaa  dana  laa  daux  eaa.  In  partloulier,  la  raatrietlon 
provoque  un  mouvamant  da  la  tdta  da  granda  axotntrieitd,  proehe  da  ealla  da  la  elbla,  1 
la  aourea  d'una  contralntr  blomdoanlqua  par  rotation  teredo  du  eeu. 

pourtant ,  la  shame  da  70*  permit  d'offaotuer  daa  ddplaoomonti  da  1'eali  au  molna 
dquivalcnto  k  eaux  obaorvda  an  vision  libra,  lur  so  point  prdoia,  1' oxtonalon  du  shanp 
da  vision  n'apporta  qu'una  amdlioratien  ralativamanc  faibla  dans  la  aana  d'una  wtratdgio 
plus  naturalla  da  coordination  oall-tlto.  Oatta  amdlioratien  no  a'atfaotua  an  aueun  caa 
an  proportion  daa  posaibilitas  of (areas  par  la  champ  a  70* • 


4.2.2  If fata  aur  la  parfoinanea 

L'abaonoa  d'affat  axeantrioitd  da  la  oible  aur  la  parformanea  parmat  d'doartar 
una  origins  putamant  biomdeaniqua  da  la  modification  do  performance.  Mala  la  prdaonao 
d'un  aflat  lid  d  la  tallla  du  champ  viaual  parmat  d'anviaagar  un  affat  naure-aanaorial. 
Laa  rdaultato  obtanua  auggOrant  qua  la  ddgradation  daa  eapaoitda  avaa  la  rdduotion  du 
ohamp  da  vlaion  na  aa  fait  paa  aalon  una  lei  harmuniauaa.  11  sombla  ioi  axiator  un  offot 
da  "bord"  gui  oonditlonna  laa  modalitdn  d' adaptation  du  eouplago  oall-tAta  at, 
paut-dtra,  da  la  parformanoo  da  traeking. 

II  axlata,  bian  «Qr>  baaueoup  d'autraa  dldmanta  gui  lntarvlonnant  dana  lo 
probldma  du  dimansiannamant  du  ohamp  daa  vlaaura.  Lai  pramiara  rdaultata  obtanua  lai 
parmattint  ndanmoina  da  faita  l'hypothdaa  qu'il  aarait,  paut-dtra,  plua  "payant"  do 
o'lntdraooor  au  oontonu  du  ohamp  qu'l  ion  oxtonalon  do  ouolquoo  diaaina  da  dagrda. 

Caa  rdaultata  mirltant  aapandant  d'dtra  oemfirmaa  par  daa  dtudaa  portant  aur  doa 
olblaa  ao  ddplagant  aldatoiramant  at  aur  daux  dagrda  da  libertd. 


i  flamiiuiaa 

Laa  rdaultata  obtanua  au  ooura  da  oatta  Atudo  aur  1'atfot  da  la  raatriotion  du 
ohamp  da  vlaion  aur  la  parformanea  da  traeking  manual  montra  I'cnlitanoa  d'una 
ddgradation  do  la  parfor  manoo  aaaooida  k  la  roitrlotlon  du  ehamp.  Capandant  oatta  degra¬ 
dation  raata  dana  touo  loo  oao  modtrdo.  on  oonotato  do  plua  uno  rdoruanlaatlon  doa 
mdoaniima  du  oeuplaga  oall-tdta  au  ooura  do  lo  pouraulta.  U  n'axiata,  k  oa  nivaau,  qua 
ralativamant  pau  da  diffdranoa  antra  laa  ohampa  do  20  at  70',  par  rapport  k 
1 'oxtonalon  doa  poaaibilitda  offartoi  dana  ee  darnlar  eaa. 

L'axploration  d*  diffdrantea  oxoantrieitda  do  la  elbla  parmat  d'doartar 
1'hvpothlaa  do  la  oontrainta  blomdoanlgua  k  l'origino  da  la  ddgradation  da  la 
parformanea.  11  oomblo  qu'il  salt  ndooaoalro  do  o'orlantor  vara  daa  mduaniamai  nauro- 
aanaoriala,  pour  axpliquav  la  bala'ia  do  porformonoo  an  vlaion  raatrointo.  Parmi  eaa 
mduanlamaa.  on  psut  avanoar  la  partutbatlon  lids  k  1' augmentation  da  la  mobllitd  da  la 
tdta  avae  la  raatrietlon,  qui  oontrarie  la  btiein  da  atabllltd  pour  axdoutar  la  tdeha 
manual la. 

aur  la  plan  pratique.  I'optimlaatlon  da  viaeura  trda  grand  ehamp  pour  la 
ddiignation  ndeaaaita  aana  aoufco  I'utlllaation  da  la  dlraetien  du  rugard.  Par  alllauri, 
1'axtanalon  du  ehamp  doa  vlaaura  do  caaqua  0  doa  valaura  Intormddiairea  pout  apparattra 
diaoutablo,  du  mein*  au  regard  doa  oeniidtratluna  da  eoOt  at  d't-mdlioretion  du  eouplago 
ooll-tdto. 
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NEUROPHYSIOLOGICAL  CORRELATES  CP  INFORMATION  PROCISaiNO  ABILITIES 
DURINU  DIVIDED  ATT!  NT  ION  SITUATIONS  IN  AIR  TRAttlC  CCNTROLLIR8 

by 
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Summary 

The  aim  of  the  study  was  to  elucidate  which  ralationshlpa  exist  between  arousal,  cognitive 
functioning  and  generalised  expsetanoy  of  control  in  a  group  of  air  traffio  controllers  (ATC),  In 
uondltiona  of  single  and  dual  tasks.  Furthermore,  under  the  same  conditions  and  baaed  on  performance 
outcome,  it  wee  attempted  to  evidentiate  eventual  difference*  in  aognitlva  funotioning  which  oould  be 
relited  to  the  divereity  of  professional  ATC  ekille. 

Our  date  show  that  aroueel  is  inoraaaad  in  tha  dual-taak,  N2  peak  latancy  la  poaitivaly  oorraJated 
to  arousal  in  both  tasks,  correlates  inversely  with  peroelved  oontrol  in  the  tingle  teak  and  relates 
Inversely  with  activation  in  the  duel  teak,  and  adjuatad  arousal  correlates  with  peroelved  oontrol. 
finally,  N2  peak  latency  appears  to  be  sensitive  to  ATC  skill. 


Introduction 

Air  traff1  ontrollare  (ATC)  are  individuals  who  ere  foroed  ta  deal  with  cognitively  complex 
situations  professions]  reasons.  Using  the  parameter*  of  information  processing  theory  (nwttern 
recognition,  stimulus  evaluation,  response  selection,  observable  behaviour),  it  osn  be  auppor  tt 
ATCe  perceive  a  set  of  atimulatione  which  are  simultaneously  oodlflao  and  aubsaqusntly  c.  i..<.f>>‘  J; 
thus,  the  most  correct  response  in  a  given  situation  will  be  onoeen  on  the  basis  of  the  preselected 
data  organisation.  ATCe  are  subdivided  into  three  categorical 

1)  tower  controllers! 

2)  mppro«ohing  controllers i  and 

3)  ar*a  control lere. 

The  latter,  although  being  assigned  »  particular  duty,  have  also  professional  quail  ties  to  deal 
with  tower  control  and  airport  epproaohingi  thus  they  represent  the  subgroup  cf  ATCs  with  the  broadest 
capacity  cf  inten/antlon  on  air  traffic.  Therefore,  it  can  he  said  that  the  area  controller  acquiree 
an  experience  whioh  allows  him  to  reeolve  the  entire  range  oi  problems  posed  by  tir  traffic  oontrol, 
The  question  that  might  be  asked  at  thla  print,  ia  whether  acquiring  this  experience  le  translated 
into  a  different  Information  processing  capacity}  docs  knowing  how  to  deal  with  situations 
oharaotsrised  by  a  higher  number  of  variables  results  to  ohsngts  in  the  choice  of  operational 
strategies,  based  on  codification  aid  classification  of  joining  stimuli? 

Cf  a  laboratory  paradigm  la  uaad,  it  is  possible  to  foous  on  mors  than  one  levels  of  investigation 
to  try  to  reapond  to  this  question.  A  first  leval  to  f.vj*  rtgarda  tha  avaluation  of  aubjactive 
behaviour  in  defined  performance  tasks.  A  atoond  level  concerns  the  analyale  of  etlmulue-eveked 
oerebral  bioelectric  activity  associated  with  the  ongoing  performance,  which  permlta  to  explore 
perceptive  moohaniama.  A  third  laval  la  represented  by  the  evaluation  of  the  level  of  arousal  (tonio 
state)  and  of  the  degree  of  activation  (phaein  reaction)  in  various  situations!  in  thin  way,  it  la 
possible  to  maaeura  the  physiological  coat  of  tn*  cognitive  funotioning.  finally,  if  we  eisees  the 
perceived  oontrol  of  reality  expressed  by  the  subject,  we  may  teat  reaponae  outoome  expeotanoiee  baaed 
on  pasted  experiences,  By  correlating  data  slamming  from  the  above  levels,  It  is  perhaps  possible  to 
extrapolate  more  precisely  on  the  relationehipe  between  psychometric  parameters  and  behaviour, 
modulating  in  the  eaine  time  such  relationships  by  msans  of  informations  on  oognltiva  functioning  and 
stats  of  Individual  aotivation  (i).  Analysing  in  dstail  some  aspects  of  the  above,  it  should  be 
emphasised  that  cerebral  evoked  potential*  represent  a  moans  of  studying  information  processing  thaory 
as  applied  on  perception.  Thanks  to  dsflnad  axpsrimantal  paradigms,  the  elsctrccnrtiosl  correlates  of 
«omo  initial  phases  of  information  procsssing  hava  boon  ldantlfied  (2)» 

1)  selective  ittsntion  is  correlated  to  ths  nsgativity  of  procsssing  (post-stimulus  latancy  from  50  to 
asvtral  hundred  masc)  (3),  otherwias  termod  negativs  differenot  wave  (Nd)  (4)!  often,  attention 
modi float lone  are  oorreiateu  to  the  effeot  on  ths  N1  compponent  (post-stimulus  latancy  100-140  msec) 
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bioauu  the  latter  tcnda  to  overlap  to  th>  negativity  of  proof ••ing  t B ,  B )  * 

2}  Tho  N2  oomponont  (poet-etlmulue  latency  of  about  200  maec )  la  subdivided  Into  a  mlamatoh  negativity 
(N2a),  correlated  to  phyaioal  changaa  of  the  atimulua  (6,7,)  an  N2h  aubcomponant ,  related  to 

expectancy  mlaaatch  (8)  and  an  N2e  eubeomponent,  whloh  oan  ba  related  to  the  olaaaifleatlcn  of  the 
atimulua  (2).  Over j -pping  with  N2A,  la  the  tha  negative  defleetien  NA,  corraapondlng  to  the  phaaa  of 
pattern  recognition  (atlnulua  codification)  (t)< 

2)  Tha  P3  component  (poat-atlmulua  latency  25C-50C  meee)  would  relate  to  working  memory  up-data  (10) 
and  to  global  Ovaluation  of  tho  atimulua  aituatlen  (2) , 

In  tho  dual  taak  paradigm  (when  the  eubjeot  ie  aaked  to  follow  two  lnpute)  (li)  and  in  tha  oaae  of 
tha  “oddball"  paradigm,  where  one  of  the  required  porfonanoaa  if  tha  identification  of  target  atimull 
In te rape retd  in  a  ear lea  of  atandard  atimull,  tha  analyaia  of  oarobral  potent iala  evoked  from  target 
atimull  permlte  to  evidantiate  tha  pertloular  aahaitivity  of  the  P3  component  to  the  quantity  of 
paroaptlvo  reaouraea  directed  at  detecting  the  target  atimulua  (2),  Thla  mtana  that  the  mere  difficult 
tha  oonoomitant  taak,  tha  greater  tho  P3  wave  change  (12),  whloh  amplitude  will  diminlah  aa  a  function 
of  tha  quantity  of  poroeptive  roeeuraaa  withdrawn  from  tha  oubjaot.  On  the  other  hand,  it  la  oommon 
aonaa  that  the  i  -rformence  la  belter  when  only  one  taak  la  undertaken  and  aapaclally  when  tha 
cognitive  load  la  leaa,  pointing  at  tha  praaanoa  of  o  defined  and  limited  quantity  of  anargatlo 
reaouraea  (13), 

in  information  prootaaing  theorlaa,  a  oantral  aapact  la  rapraaanttd  by  tha  idea  that  the 
performance  of  a  given  taak  dfpanda  on  tha  employed  prooaiaing  etratfglfe  and  on  tho  degree  of  effort 
or  on  available  rtaourota  (14),  Proof teing  truoturca  oompata  for  thoaa  limited  raaourcaa  and  thie 
axplalna  the  performance  dtftclts  obaarvad  in  tha  dual  taak  paradigm  (11).  To  aaaoaa  tha  quality  of 
information  proooaolng,  it  la  naeeeaary  to  know  the  organlam’a  quantity  of  available  raaouroaa,  Tha 
phyalologloal  energy  level  (arouaai),  which  la  tranalatad  into  both  bohovlourol  and  payohlo  energy,  ia 
determined  by  tha  entity  of  bodily  metabolic  activity  and  ia  axpraaaad  by  brain  bioflaatrlo  activity 
(15).  Tha  arouaai  level  of  an  organlam  indieataa  tha  quantitative  llmita  of  a  behavioural  raaponaa 
and,  in  tha  aama  time,  ita  emotional  atnta,  Tha  oonaolanoa  level  and  emotional  arrouaal  era  intimately 
related  (16).  Thla  entalia  that  whan  e  dual  taak  paradigm  ia  uaad,  it  ia  Important  to  analyaa  not  only 
tho  aotivlty  of  tho  pruooaalng  etruoturee  whloh  oompata  for  available  raeouaae,  but  tha  aubjeotlva 
emotional  atata  aa  wall.  Thla  ia  auggaatad  by  tha  time-known  inverted  U-ahapa  relation  between  orouaol 
lovol  and  parformanoa  (11).  Tha  arouaai  oan  be  aaaaaaad  in  three  waya  ( 1 ) i 

1)  Aa  a  tonic  atatai  in  thla  oaao  it  la  analyaable  by  maana  of  aerial  aempllng  of  phyalologloal- 
bioohamical  and  behavioural  pat  ana  tare ,  and  parametara  related  to  eolf-evaluatlona  during  tha  ateedy- 
atata  phaaca. 

2)  Aa  a  phcalo  reaction  oorrolatad  to  cvor.tai  in  thla  eaaa  it  ia  lubjeot  tc  evaluation  on  tha  baala  of 
paychcphyalologloal  variable  modlfloatlona  (a.g.  heart  rata)  varaua  a  bean-line  condition. 

3)  Aa  a  trait,  i,a,  reactivity  pronontaai  in  thia  oaaa  tha  relatively  atabla  pradlapoaltlon  to  ahow 
higher  dagraaa  of  aetivation  and/or  raaotion  under  certain  experimental  acnditlena  la  atudiad  by  maana 
of  quaatlonnalraa. 

Aa  indicated  in  thla  iaat  paint,  the  aubjeitlva  emotional  atata  raflaotad  tn  the  arouaai  level 
dfpanda  on  oortoln  porocnollty  oharootariotloo  (li!  and  alao  on  how  tho  eubjeet  faooo  reality  (17), 
Whtreae  tho  eorrclatlona  between  phyalologloal  raaotlvtty  and  peroonellty  quoettonnolroa  ere  modeat 
and  In  many  oaaea  none lgnif leant  (1,17),  tha  Importanoa  of  tha  role  of  peyohologioal  varieties,  euoh 
aa  perception  of  oontrol  and  outoemO  axpaotatlona,  la  inoraaalngly  reoognleod  aa  being  In  a  poaltion 
to  explain  In  a  more  aomplati  and  refined  way  atvaral  obaarvabla  bahavloura  and  thalr  underlying 
phyeiuiogloal  rcaotlona  (17,1«),  ror  example,  a  raoant  etudy  by  UUeperger  at  al,  (19)  ahowed  that  P3 
wave  amplitude  Incraaaaa  with  Incraailng  taak  ccmpiaxityi  thla  appaara  to  oorralata  with  tha  aubjeot'a 
evaluation  of  taak  difficulty,  Thla  evaluation  la  baewd  on  a  subjective  rafaranca  ayatam  oallbrad  on 
tha  fxpertanoe  of  how  much  energy  io  naoaaaary  to  correctly  rtaolvo  a  baalc  taak,  Thia  atraaaaa  tha 
Importanoa  of  eubjeotive  evaluation  on  the  degree  of  aotlvattoh,  whloh  le  In  turn  responsible  of  eome 
obaorvad  modification!  ef  evoked  potential  oomponanta,  In  thla  light,  a  oonatruot  whloh  revealed  to  bo 
lntereiting  for  ite  lmplioatlcne  la  that  of  Notter'a  looua  of  eontrol  (20).  Thla  rafara  to  tha 
ganeraUafd  axpaotarcy  tending  to  perceive  tha  poeltlve  relnforoamint  of  a  eubjaot'e  eotlona  either  aa 
depending  on  hle/her  own  behaviour  (Internal  loeuo  of  oontrol)  or  ae  tha  raault  of  tho  aotlon  of 
foroee  which  are  bayond  Individual  oontrol  (external  looua  of  oontrol)  (21).  In  tho  above  definition, 
tho  term  general lied  oxpootancy  rofora  tc  the  concept  that  oxpoctaneloo  ore  tronaforrod  from  ono 
oontoxt  to  another  on  the  baalo  of  provlouo  nxpcrlcncca,  Thuo,  generelioed  axpootoney  Increeeea  with 
Increasing  Individual  oxporlenee  with  roapoot  to  o  given  altuotion  (21).  Therefore,  on  Individual  who 
porcolvaa  roinforaamont  aa  depending  either  on  hio/hor  own  aotiono  or  on  nlo/l.ar  relatively  permanent 
oharootorlotloa,  will  prooant  general load  expactenclta  of  internal  oontrol,  in  other  wordo  tho 
porooption  that  ovfnto  ore  under  hlo/hfr  own  oontrol,  furthermore,  in  thf  oonotruot  of  tho  loeuo  of 
oontrol,  two  dimenoisno  ore  oontainod  (22) i  looua  of  eaueallty,  relative  to  tho  aatabl lihmont  of  a 
ittmulua-raapanaa  contingency  ("tha  reeponeability  for  what  la  happfnning  la  mine")  and 
controllability  ("la  tha  event  oontrollable  by  myself  or  not?"),  Thla  laet  aipeot  la  partloularly 
interacting,  beoauaa  it  lafluancad  coping  modalltloa,  for  example,  lndivlduala  with  o  prevalence  of 
internal  looua  or  oontrol  ippeor  to  adopt  a  behaviour  whloh  io  oentred  more  on  tho  took  then  on  tho 
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•motion  (23),  thue  * hly  p«rc«iv«  less  itrm  and  perform  better .  To  •ummerlea,  if  th*  subject  bolliyu 
hlmsalf  to  bo  oapabla  to  dial  with  a  givtn  aituation,  th«  strategy  ha  utillaaa  In  raaolving  tha 
inharant  problama  la  that  or  coneantretlng  on  tha  apaolflo  problem  (inoraaaad  arouaal  with  no,  raportad 
atraaa  (IS)).  If  tha  aubjaot  balievea  hlmaalf  not  to  ba  tbla  to,  aoaplataly  control  tho  aituation,  than 
tha  oaplng  modal ity  la  baaad  on  tha  management  of  amotion  (Inoraaaad  orouaal,  but  only  whan  tha  goal 
valansa  la  high)  thia  ia  raportad  aa  atraooful  (IT) )> 

In  oonoluaicn,  cognitive  avoluation  ruulta  in  energy  moblliaatlon  (which  entity  la  o  funotion  of 
tha  goal  vela  to*),  which  will  or  will  not  ba  oxpfndad  for  tho  solution  or  thdproblpm  psotd  by  tho 
Ovant  depending  on  the  aubjootlva  axpaotonoy  of  aontroi. 

Aim  of  thia  atudy,  oonduotad  an  ATOa  Involved  in  a  dual  taak,  vat  to  olarlfy  aoma  problama i 
1)  Which  ia  tha  ralotienahip  between  crouatl  and  oognitiva  funotioning,  ia  explored  through  tha  N2 
eamponant  of  cerebral  avtnt-ralotad  potontlala  (IBP)? 

S)  Which  la  the  ral»tlonahip  batman  control  axpaotenoiaa  (paroalvad  aontroi)  and  oognitiva  funotion 
(N2  of  IBP),  whan  the  affcat  of  the  arouaal  Iaval  la  oxoludad? 

3)  wnleh  la  tho  relationohlp  batman  arouaal  and  paroalvad  control  if  intoreubjootlva  dlffaranoao  or 
oognitiva  funotioning  ( N2  of  IBP)  era  olimlnitod? 

4)  Ara  dlffarenoaa  in  ATS  akill  in  handling  oognltivaly  oomplax  situations  raflaotad  on  oognitiva 
funotioning  (N2  of  IBP)  in  tha  context  of  a  dual  txak  axparlmantal  paradigm? 


Natariala  and  Method! 

The  atudy  haa  bean  divided  in  two  partai 

a)  Wa  attempted  at  elucidating  which  rolationahipa  owlet  batwoon  arouaal,  oognitiva  funotioning  and. 
general lead  awpaotanoy  of  oontrol  in  a  group  of  ATOa,  in  condltiona  of  elngle  and  dual  taaka, 

b)  Under  tha  aarnc  condltiona,  baaed  on  parformanoa  outcome,  wa  triad  ta  mingle  out  avantual 
dlffarenoaa  in  oognitiva  functioning  which  oould  ba  ralotod  to  tho  dlvaralty  or  prnfoaaional 
•xporlanoa, 

Tha  aua)  teak  to  which  tho  aubjaoti  have  bean  aubjootad  oonalatad  In  tha  ldantirloatton  or  target 
•eouatio  atlmuli  randomly  inairtdd  in  a  aarlaa  of  atandard  aosuatio  atlmuli  (oddball  paradigm)  and  an 
arlthmatlo  taak  of  aerial  autatraatlona,  Tha  raau) ta  regarding  tha  dual  taak  aituation  have  bean 
compared  with  thoaa  regarding  a  single  taak  condition,  in  which  eubjoota  mro  aimply  roqulrad  to 
identify  target  acoustic  stimuli  in  a  similar  to  tha  previously  mentioned  oddball  paradigm.  Tha 
•valuation  of  tha  arouaal  was  oarrlad  out  through  monitoring  liaart  rata  during  tha  antlra  aaealon,  Tha 
•valuation  of  oognitiva  funotioning  was  oarrlad  out  by  considering  tha  N8  peak  latency  of  tha  carabral 
•vokad  potantlala  asaoolatad  to  acoustic  target  stimuli,  Tha  eholca  fall  on  tha  N2  component  for  tha 
following  raaaonai 

-  it  la  associated,  aa  in  tha  aaaa  of  tha  P3  component  to  target  atlmuli  (7)t 

•  by  inorgaalng  reaction  time,  N8  and  P3  lmtanoiaa  Increase  in  an  approximatlvely  maasurabla  way  (7)  i 

•  N2  raflaota,  ••  wa  daacrlbad  pravioualy,  a  dacieioi.el  procaaa,  eorralitad  to  aanaory  dlaoriminatlon 
of  axpaotad  atlmuli  (dataation  of  physiaal  dhangaa  of  tha  atlmulua  and  olaaalflnation  of  tha  stimulus) 
(84)| 

-  thf  Nfl  component  la  responsible  for,  or  initiate*  in  parallel,  tha  naural  activity  which  raiatao  to 
motor  raaponaaa  and  to  raflax  proeiaxaa  In  tha  P3  component  (85) i 

-  N2  la  aanaltiva  to  tha  nature  of  tha  classification  taak  (2d). 

Payonomatrlo  evaluation  foouaad  an  analysing  state  anxiety  before  and  after  tha  axparlmantal 
aaealon ,  in  order  to  have  indication  on  tha  Initial  iaval  of  anxtaty,  on  ito  ovontuai  modification* 
during  tha  ooursa  of  tha  session  and  an  its  relationship  with  tha  recorded  arouaal,  Tha  determination 
of  th*  looua  of  aontroi  tllowad  ua  to  analyst  tha  role  of  piroalvod  oontrol  ni  tho  tonlo  atato  of  tha 
arousal  and  on  tho  typo  of  phaalo  reaction  under  oondltlona  of  almpla  and  dual  taakt  furtharmora,  it 
permitted  to  tait  tha  aignlflsonoa  of  paroalvad  oontrol  on  tho  process  of  oonaory  diaertmlnatlon  of 
•xpooted  stimuli  (N2  peak  latency)  in  both  oondltlona, 

tampla 

Twelve  healthy,  right-handed  maid  ATOa  volunteered  to  participate  to  tha  atudy  (aga,  mean  at.BSi 
1,8,  3.0.  lie  eubjeote,  skilled  in  area  aontroi  waro  eltailfiad  ••  skillad,  wharaaa  tha  ramaining  6, 
whe.  only  hod  tewar  and/or  approaching  procedure  axparianet,  wart  olaaaiflad  ai  lag*  aktllod,  koraovir, 
6  non-ATO  aubjaot a  of  eonperabld  ago  and  aodib-dultural  iaval  (nsn-aklllad)  wart  utad  aa  tha  control 
group,  In  order  ta  rovoal  mart  clearly  parformanoa  and  oognitiva  function  llffaranoaa  in  dual  taak 
oondltlona  (point  (b)  of  tha  axparlmantal  design),  Because  of  technical  problama  inharant  to  heart 
rata  recording  in  8  ATOa  of  tha  laaa  akillad  group,  tha  analyata  regarding  arouaal  vara  oarrlad  out  an 
10  TO At, 


n 
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Data  collection 

Heart  rat*  ha ■  bun  recorded  by  petitioning  two  pragellad  Ag/AgCl  alacftrodae  at  thi  Lnd 
lntercoxtal  ipir.i  on  the  lift  piraitinnil  iina  and  at  tha  6th  intarooatal  apaca  on  tha  laft  haml- 
clavicular  Una.  An  Oxford  Madilog  8000  ipparatua  haa  been  uatd  for  recording  on  a  TDK-SA  90  tape 
(high  biaii  70  mloreaeo  10). 

Carobral  btoalaotrio  activity  haa  uoan  recorded  by  meant  of  Ag/AjC 1  alaotrodoa,  poaitionod  on  17 
laada  <r»,  F3,  Fa,  re,  »»,  TS,  03,  Oa,  04,  T4,  TS,  P3,  Pa,  P4,  TO,  01,  08) |  for  tha  purpoaea  of  thia 
atudy,  only  th»  aotivity  raaordad  at  Cl  ho*  ba»n  eonaldvrad,  baoauaa  tha  lattar  la  ena  of  tho  loada 
wham  tna  N2  aot.ipanent  ia  baat  vimalleed  (7),  Ocular  movement  monitoring  ha*  bean  earned  out  by 
placing  an  Ag/AgCl  abova  tha  right  aupraorbital  ridga.  ktfertnoe  ■■■  linkad  bimaatoida.  Tha  time 
oonaCant  vac  0,3  a*d|  the  high  frequency  raaponaa  waa  30  !la.  Thanka  to  a  alight  abrnlon,  tha 
inpadanoa  vaa  3  Kohn.  A  notch  filter  waa  introduced,  sentltlvity  vaa  5  mteroVolto  per.  om,  Cerebral 
IPPa  ware  abtalnad  by  mlane  of  goouetls  tonae  (intaneity  78  dB  HLi  plataau  30  naac)  praaantad 
blnaurally  through  aarphonaa,  Targat  atimuli  (fraquanoy  1000  Ha)  wara  randomly  intaraparaad  botwaan 
tha  atandard  atimuli  (fraquanoy  1300  Ha).  Tha  number  of  targat  atimuli  rangad  randomly  Id -10 i  tha 
probability  of  thair  appaaranoa  waa  about  l  ovary  B  atandard  atimuli,  Tha  lntaratlmull  inter. el  rangad 
randomly  lOOO-udOO  male.  L 

To  evaluate  atata  anxiety  wa  uaad  tha  JO-ltim  x-l  form  of  tha  Stata-Trait  Anxlaty  Inventory  (ST.M 
X-l),  a  40-itam,  aalf-ratod  quemtionnaira  (83).  To  tnalyaa  control  axpaotanoiaa,  Rottar'u  Internal- 
External  loeui  of  Control  Scale  (LOC),  a  aelf-adminiaternd  eoale,  wax  uaad  (20.81). 

Prooadura 

Tha  experimental  !  ulon  took  pleoa  batwaan  09.00  h  and  14,00  hi  it  conalatad  In  tha  following 
phacaa i 

1)  Arrival  at  tha  laboratory!  habituation  to  tha  aatting, 

8)  tlaotroda  plaoamant  for  tha  recording  of  arouaal, 

3)  llactrod*  poaltiunlng  for  electrical  cerebral  bloactlvtt.v  raeordingi  during  thla  phaaa,  tha  LOR  waa 
filled  out. 

4)  Once  the  aubjaot  waa  praparad.  ha  ait  eonfortably  in  an  air  oondltlonad,  dimly  lit  and  nolaa-proof 
anvlronmant.  Aftar  having  aomplated  tna  3TA1,  tha  eubjeote  ran  2  trlala,  aaoh  oonrleting  or  only  8 
targat  atimuli,  au  that  tha  bub J act  ooulJ  laarn  to  identify  auoh  atimuli. 

3)  Tha  aingle  and  dual  taaka  wara  tharaaftar  praaantad  In  a  random  ordar,  tha  aubjaot  etxyi.ng  with 
tyme  eldaadi  ha  wad  oakad  to  aount  tho  paroaivid  targat  atimuli  In  ailanoa  and,  in  tha  oaaa  of  tha 
dual  talk,  to  perform  eimuUnneouely  hla  arithmatio  talk  (aarial  aubtraotlon  of  7  from  a  thrau  digit 
atarting  number),  alwaya  allantly.  Tha  duration  of  tha  talk  dapandad  on  tha  tlma  naaaaaary  to  praaant 
tha  targat  atimuli  (4-3  mlnutaa), 

3)  Tha  aubjaot  waa  aakad  to  praaant  tha  raaulta  and  waa  informal  on  tha  oorraotnaaa  of  hla 
performance i  finally,  h*  filled  out  tha  STA1  X-l  for  a  aaoond  tima, 

Data  proefaalng  and  atatiatlsal  analyala 

Heart  rata  haa  baan  analyatd  off-line  on  the  Okford  Hahliog  BOOO  apparetuu  (tlma  oonatant  0.1  aeo; 
high  fraquanoy  out-off  30  Ha |  gain  x  2)  by  two  ratara  blind  to  tha  raaulta,  Tha  Lima  naadao  for  taak 
porformanoa  waa  aubdlvldad  in  apooha  of  IB  aac  aaohi  tha  numbar  of  OPS  oomploxao  par  apooh  waa  thanoa 
determined  and  expreatad  a*  baat*  par  minute  (bpm).  Finally,  tha  main  hurt  rata  haa  baan  oaloulatad 
for  tho  antlre  duration  of  oaoh  or  tha  two  parformanoia  by  turning  data  ralativa  to  aaparata  apooha 
(tonic  atato).  Tha  maon  bpm  valua  of  light  lB-aao  apooha  haa  baan  monaidarad  a*  bxeeltnej  for  this 
calculation  wa  ohoaa  4  apooha  30  min  and  4  apooha  15  min  pra-tpp  rtoording,  To  avaluata  ohangaa  in 
arouaal,  (phaalo  raaotlona)  during  tha  varloua  phaaaa  of  tha  aaaalen  wt  oaloulatad  pareant  ohangaa  of 
main  htart  rate  valuew  with  raapaot  to  OMilina, 

Averaging  for  obtaining  IPPa  waa  oarrlad  out ’'on-line,  Ilmllarly,  avary  IP?  underwent  amoothing 
oemputad  on  B  pointa,  The  aampllng  interval  waa  2.B  meeo  for  m  period  of  1000  maao  peat-atimulua.  Mian 
valuta  of  rtaponoaa  to  target  atimuli  iixra)  ware  considered!  tha  NI  peak  latency  waa  aaparataly 
Idantiflad  by  two  rattha  blind  to  other  reaultn,  To  identify  auoh  latanoy,  wa  oonaldarad  tha  N2 
oomponent  aa  tha  moat  negative  peek  oomprlaed  in  the  200-300  maao  poet-itimulua  interval t  furtharmara, 
wa  triad  to  confirm  our  hypwtheele  on  tho  bull  of  the  apAtlo-tamporal  mat  of  tha  evoked  oerabrel 
bioe? ectrlo  aatlvity.  To  r'aluata  the  performance  on  tha  arithmetical  taak,  wa  maaaurad  tha  numbar  of 
operavlona  par  minute.  Slven  the  reduced  numaroalty  of  tur  aampla,  we  ohoaa  to  prefer  non-parimetrlo 
•tatiatioal  analyala,  avantuelly  .  ,ing  parametric  tgohniquea  to  aonflrm  our  evidence,  intra-group 
romparleoni  wara  made  by  uaing  tha  wllcoxon  Mttohad-Paira  llgnad-Rahki  teat  (27)  and  ANOVA  1-way  for 
randomiaed  bloaka  (20),  far  tnter.greup  aomperieone,  we  uaed  the  Hann-ehitney  U>taat  (27),  To 
oaloulate  correlation  oooffiolanta,  wa  uaad  the  spearman  rank  teati  the  aignifloenoa  level  of  euoh 
ooeffloienta  wee  determined  through  ptudent '■  t,  which  la  peeaible  te  apply  whan  tha  axparimantal 
aampla  ia  equal  to  or  more  then  10  aubjeetg  (17),  The  evaluation  of  performance  ehtnge  in  patting 
from  the  'ingle  to  the  dual  teak,  war  made  through  tha  ohi-aquert  teat  (27).  We  aought  for  a 
ragraaiion  line  between  the  N3  peak  latanoy  and  arouaal  (heart  bait)  id  that  we  onuld  uar  analyala  of 
ddvarlanee  and  adjuat  valuta,  thue  to  exoluda  tha  affaat  of  armuaal  on  oognitive  functioning  and  viol 
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varee  (28) .  Finally,  wr  used  simple  linaar  regression  analyala  tc  evaluete  tha  relationship  between 
arouaal  modifications  (phasic  reactions)  and  cognitive  functioning  (29).  Tha  out-off  point  for 
atatlatioal  aignifioanoa  waa  aaaunad  to  ba  p  0.05,  two-tailed. 


Hesults 

Dual  taax  perforrenoe  yielded  •  highly  aignlfioint  inoraaaa  in  heart  rata  with  respect  to  tua- 
lina  (wiieoxome  rank  taat,  T.o,  p  o.oii  anova  1-way,  r-sa.is,  p  o,.i)  and  to  tha  atngla  taax 

altuation  (WllooKon'a  T-4,  p  0.02|  ANOVA  1-way,  F-13.S3,  p  0,01)  (rig.  li  Tab.  1).  On  tha  contrary, 
single-task  performance  did  nat  lnduoa  algnifieant  haart  rata  modifications  with  raapaot  to  baaa-lina 
(Wiloenen'a  T-ao,  nonalgnlfloant  (n.a.)i  anova  1-way,  r-2.18,  n.a.)  (rig.  li  Tab, I), 

Tna  idantlfioatlan  of  targat  stimuli  waa  randarad  irora  difficult  by  tha  almultanaoua  parforaanoa 
of  mantal  arithaatlo  caloulatloni  tha  number  of  arrora  la  aignlfloantly  higher  (ohi  aquara-S.OAl (  p 
0.06)  (Tab.  1). 

No  algntfioant  diffaraneaa  wart  found  in  tha  N2  pack  latanoy  batwaan  tha  dual  and  tha  alngla-taak 
oondltiona  (Wilooxon'a  Tall,  n.a.i  ANOVA  1-way,  F-0.43S,  n.a.)  (Tab.  I), 

Tha  lpval  of  atata  anxiety  did  not  change  aignlfloantly  during  tha  aaaaion  of  thp  recording 
(Wilooxon'a  T«14|  n.a.)  (Tab,  ID, 

N2  peak  latenolpa  and  haart  rata  wara  poaitively  correlated  during  alngla-taak  (Spearman1 a 
rho.0,121,  t.4.057,  p  0.01)  (rig,  2)  and  during  dual  taak  parforaanoa  (Spearman 'a  rho.o.dSS,  t-2.518, 
p  0,06)  (Fig.  3).  Tha  application  of  co-variance  analyala  and  of  the  method  of  adjuated  V  (26) 
permitted  to  evaluate  tha  relationship  between  tha  I  (external  oontrol)  scale  score  in  hotter 'a  test 
(Tab.  ID  and  the  N2  peak  latanoy,  excluding  tha  affect  of  arouaali  these  two  variables  wara 
poaitively  correlated  during  slnglo-task  performance  (Spearman's  rho-0.714,  t-2,686,  p  0.06)  (rig. 
4),  whereas  during  dual  taak  performance,  no  correlation  was  evident  (Spearman's  rho-0.173,  t-0,497, 
n.a,).  Adjusting  haart  rate  valusa  as  a  funotion  of  tha  N2  peak  latency  (thue  excluding  from  tha 
relation  the  affect  of  cognitive  functioning  by  applying  tha  method  of  adjuated  t)  an  Inverse 
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correlation  batwaan  adjuatad  haert  rata  «nd  £  ioil<  iur»i  uu  apparant,  both  during  single-task 
performance  (Spearman's  rho.-0.B89,  t— 2,689,  p  0,06)  (Tig.  5),  and  during  dual  tank  (Spearman's 
rho.-Q,745,  t.-3,lB9,  p  0,02)  (pig,  8),  No.  correlation  wan  apparant  between  pre-sup  raoordlng  atata 
anxiety,  and  haart  rata  at  baaa-Uns  (Speermir'a  rho.0,441,  t.1,39,  n.a.),  during  alngla-taak 
(Spaarnan'a  rho.0,SB4,  t. 1,814,  n.a.)  and  dual-tgak  performance  (Spaarman'a  rho.O.oie,  t.o.u,  n.a.). 
Moreover,  no  aorralatlon  waa  apparant  batwaan  aalf-ratad  atata  analaty  prior  to.  tank  parformanoa  and 
dagraa  of  arousal  modification  (aotivation)  with  raapaot  to  base-line  during  aingla-  (spaarman'a 
rho.0.2,  t.O.STT,  n.a.)  and  dual  task  perfornir.ea  (Spaarman'a  rhd.-0.8l8,  t.-0.8B,  n.a,), 

Similarly,  no  oorralatlon  amargad  batwaan  tha  t  aoala  aoorai  and  aotivation  (alngla.taslti 
Spaarman'a  rho-O.ie,  t.0,4SS,  n.a.t  dual  taakt  Spaarman'a  rho.-o.S22,  t.0.844,  n.a.),  A  significant 
linaar  ragraaalon  was  inatsad  praaant  (ANOVA  l-way,  7.7. Si,  p  O.OB)  batwaan  NS  paak  lattnoy  and 
aotivation  (oorraiatien  ooaffiolant.-o,703)  only  in  tha  dual-task  enndltien  (rig.  7). 

In  tha  lntargreup  oomparlaona  batwaan  akillad  and  laaa  dklllad  ATOa,  no  dtffaranoaa  amargad  whan 
•valuatingi 

•  baaallna  arousal  laval  (Mann-Whitnay'a  U-B,  n.a.li 

-  arousal  laval  during  alngla-taak  parformanoa  (Mann-Whitnay'a  U.7,  n.a.li 

-  £  aoala  adoraa  (Mann-Whitnay'a  U.ll,  n.a . ) . 

•  arouaal  laval  during  dual-task  parformanoa  (Mann-Whitnay'a  U.lo,  n.a.), 

-  N2  paak  latanoy  during  dual-task  parformanoa  (Mann-Whitnay'a  u.14,  n.a,), 

Tha  only  statistically  significant  diffaranoa  in  akillad  vi,  laaa  aklllati  ATC  oomparlaona  ragardsd 
N2  paak  latanoy  during  alngla-taak  parformanoa.  Skillad  ATOa  had  ahortar  NS  paak  latanolaa  compared  to 
loos  akillad  ATC*  (Mann-Whitnay'a  U.3.8,  p  0.02).  Tha  attampt  to  olarlfy  whloh  la  tha  rola  of 
Jxparlanoa  on  eognltlvs  functioning  (NS  paak  latanoy)  In  dual-task  parformanoa  waa  oountarad  by  tha 
fact  that  only  6  aubjacta  out  of  is  parformsd  oorrtotly  on  both  tasks,  Hewavar,  avsn  In  thla  oaaa,  an 
.ntaraatlng,  although  non-atgnlfloant,  datum  amargad  (Tab.  111)|  NS  paak  latanoy  was  laaa  in  akillad 
ATCa  with  raapaot  to  tha  othar  two  subgroup*,  and  laaa  in  tha  laaa  akillad.  aa  comparad  to  tha  non- 
akillad  (non-ATOa). 
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Dleouaelon 

in  thil  study,  wt  attempted  at  identifying  avantual  reietlonehipa  batwaan  aognttlva  and 
psyohonatrlo  variablaa  and  experience  in  complex  taak  performance. 

ligniflaant  data  amarglni  from  thia  study,  ars  tha  following : 

1)  Arouaal  ia  inaraaaad  with  raapaat  te  baio-llna  only  during  tha  dual-talk  performance. 

I)  Tha  alaultanaous  performance  of  mental  oamputation  laada  to  daoraaaad  dataation  of  targat  atlnull, 

3)  N2  paak  latsnoy  la  posit ivaly  aorralatad  to  tha  prsaant  laval  of  arousal,  both  during  alngls-  and 
dual-taak  parformanaa. 

4)  Whan  tha  affaot  of  tha  intaraubjaatlva  diffaranaii  in  arouaal  la  axeludad,  tha  N2  paak  latanoy 
correlate!  invaraaly  with  paroalvad  control  only  during  alnpla  targat  datactien. 

3)  Ixaluding  tha  affaot  of  tha  'cognitive  functioning  varlabla,  arouaal  la  poaitlvaly  aorralatad  with 
paroalvad  aantrol  in  both  exparlmantal  phaaaa, 

a)  Tha  magnltuds  of  activation  with  raapaet  to  baaa-Una  la  Invaraaly  ralatad  to  tha  HI  paak  latanoy 
only  in  tha  dual-taak  phaaa. 

7)  N2  paak  latanoy  is  maaaura  which  la  aanaltlva  to  tha  dagraa  of  MO  axparianoa,  it  la  laaa  in 
skilled  aa  aomparad  to  tha  laaa  akilled  during  alngla-taak  parformanaa)  at  tha  asms  parformanaa  laval 
in  tha  dual-talk  and  within  tha  range  of  value#  shown,  it  la  minimal  for  tha  akilled,  intermediate  for 
tha  laaa  aklllad  and  maximal  in  tha  nen-iHilled, 

Tha  dual  task  oondition  determined,  aa  already  described  in  literature  (30),  an  Inaraaaad  arouaal 
and  a  reduced  parformanaa  quality  on  targat  dataation,  Tha  naatasi (./  to  ahtro  tha  available  anargy 
batwaan  tha  two-  teoka,  axplalna  auah  a  raduatlan,  Tha  cognitive  evaluation  relative  to  tha 
nontrellmblUty  of  tha  exptrlmantal  altuatlen  may  axplgin  the  different  lavele  of  trouoal  found  in 
thio  atudy.  In  feat,  from  tha  prootnt  raaulta  It  may  ba  concluded  that  tha  higher  tha  paroalvad 
control  expectancy,  the  higher  the  arouaal  laval  in  bath  tha  ainglp-  and  dual-taak  altuatlona.  It  la 
probable  that  Indlvlduala  with  a  higher  generalised  ekpeotanoy  of  control  oro  more  activated  to 
oonflrm  their  capacity  to.  deal  with  reality,  Tha  physiological  ooat  or  o  oimilor  cognitive  runotlenlng 
would  oonaequantly  be  higher  In  individuals  exhibiting  a  higher  paroalvad  control,  However,  tha 
axletence  of  an  Inverre  correlation  batwaan  tha  N:  paak  latanoy  and  paroalvad  oontrol  might  Indisate 
that  aubjeeta  having  an  lntarnal  laoua  of  control  poaaett  different  medal itiaa  of  feeing  problem,  in 
fact,  indlvlduala  with  a  higher  expectancy  of  control  would  tend  to  raoolva  problem,  whereas  those 
with  an  external  loeua  of  control  would  foeua  on  emotions  which  are  determined  by  the  situation!  they 
are  confronted  with  (17),  Thia  not  only  woratna  performance,  but  probably  alao  interferes  with 
learning,  Thia  last  eanaldaratlen  ia  baaed  on  the  evidence  of  a  atudy  by  Oalllerd  at  al,  (31).  These 
authara  observed  that  praotiaa  increaaas  the  speed  at  which  stimuli  ere  elaeeified  after  codlfioationi 
the  affects  of  practice  become  evident  goo  msec  after  stimulation  and  are  therefore  reflected  on  tha 
N2  component  ehareoterietlcs,  If  experienae  apeadi  up  etimulus  quality  aaannlng  and  raaulta  in  higher 
paroalvad  control,  then,  generalising,  we  ahould  obtain  e  reduction  in  Nt  paak  latency  aa  a  function 
of  the  eatent  of  paroalvad  control,  Our  result!  support  thia  hypothesis,  ainoe  thia  negative 
correlation  oocurrtd  in  tho  aingla-taak  oondition,  in  the  dual-taak  condition,  tha  estivation  (phaalo 
reaction)  was  tansplcuaua,  thus  probably  obscuring  such  correlation,  To  further  complicate  tha 
pieture,  la  our  roault  of  a  negative  correlation  batwaan  N7  paak  latency  and  the  activation  relative 
to. the  duel  task  performonoe,  Tha  exlatenca  or  r.  positive  correlation  batwoan  tha  level  of  arouaal 
(tcnlc  atata)  and  N2  paak  latency  in  either  teak  conditions  appears  to  indioote  a  worsening  of 
oognttivo  functioning  when  the  orgeniam'a  energy  ia  not  dlraotwd,  through  o  phoaia  reaction,  at 
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overcoming  an  environmental  challenge. 

The  Importance  of  experience  in  Information  proceeilng  la  evident  If  we  eonelder  that  the  prooesn 
of  stimulus  duality  dlaorlmlnation  la  faater  in  skilled  ACTi,  Oiven  the  amall  numeroalty  of  our  earnple 
It  le  premature  to. draw  definitive  oonolueionei  Nevertheless,  our  reeulta  hint  at  N2  peak  letenoy 
being  a  means  of  differentiating  between  skilled  and  leva  aklllid  or  non-akllled  subjects  and  prompt 
at  iflveatiiattng  thorouahly  thii  point, 


Oonoluaiona 

from  •  methodologlotl  etendpoint,  thii  atudy  waa  an  attempt  to.  eehleve  an  Integrated  approach,  in 
ordar . to.  explore  elmultaneouely  payohometrlo  (looua  of  control  and  atate  anxiety)  puyohophyelologioal 
(HP  and  grouaal)  and  behavioural  variahlea  (par  romance) .  Such  an  approaoh  la  limited  by  the  abaenoa 
of  oomprehonaive  theoretical  oonatruota,  oomprlalng  all  inviitlgationil  level! >  The  utility  of  etudiea 
of  thla  kind  la  to  eerreetly  define  diaeriminint  funottona  which  eouid  permit  to  differentiate 
individual  behavloura  in  differant  oontexta, 
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RESUME 

lft  varlatloni  du  nlvaau  d'dval)  au  court  d'actlvltdt  monotenaa  ont  dtd  montrdai  par  da  hombreux  autauri,  Dam  I* 
domain*  adronautlqua,  au  court  da  volt  lonj-courrlart,  cat  varlatloni  du  nlvaau  d'dvall  pnuvtnt  ddgradar  la 
performin':*  at  la  capacltd  du  pllote  I  apprdclar  laa  dvdnamanti,  Af In  d'dtudlat  It  comportamrnt  dta  pllotaa  au 
coura  da  ea  typa  da  volt,  una  racharcha  aur  la  tarraln  a  did  antraprlta.  Blit  a  pour  objaictkf  d'ldantlllar  laa  phaoea 
d'hypo vl | Maine*  at  d'dvalutr  laurt  rdparcutiloni  tu'  la  parlsrmanct  dat  pllotat  at  laur  conaclanca  dai  dvdnamanti, 
La  mdthoda  rapoaa  »ur  I'utllliatlon  da  technique*  ambulatolrai  parmettant  da  rtcuallllr  I'EEC,  I'Eon,  la  Irdquance 
cardlaqua  at  I'actlvltd  motrlca  dat  pllotat  au  court  du  vol,  tlmultandmant  i  una  obiervatlon  da  la  tlcha,  Las 
pramlari  rdiultati  da  la  phtaa  prdllmlnalra  portent  aur  hult  vola  long-courrlart  aont  prdtantdt, 


INTRODUCTION 

L'dvolutlon  daa  poataa  da  pllotaga  aa  tradult  par  una  automatliatlon  da  plut  an  plua  pouaada  dn  tlchat  da 
pllotaga  at  da  la  |aatlon  du  vol.  Colt*  automatlaatlon,  par  tat  modllicatlont  qu'alla  apporta  dent  la  contanu  daa 
actlvltdi  daa  dllfdranta  mambrai  da  I’dqulpaga  contrlbua  *  dimlnuar  la  charge  da  travail  pendant  lea  phases  lea 
plua  critique*  du  ddcot!a|*,  dc  I'approcha  at  aa  l'attarrlait|a,  ou  ancora  lor*  d'lnddantl,  volra  da  pannat,  Dam  le 
cat  da  vola  long-eourriara,  cotta  automatlaatlon  v«  par  contra  axtgdrar  la  monotonia  du  vol  da  crolillre,  Dam  Ic 
mtma  tampt,  catta  dvolutlon  entrilnt  una  modification  dam  la  repartition  dta  rflla-  antra  le  pllote  rt  (  avion,  le 
pllote  dtant  aouvant  rddult  I  tin  rSIt  da  aurvelllance. 

La  monotonia  qul  rdaulta  da  cat  dvolutlom  technologlquaa  angandra  dam  un  grand  nombr*  da  caa  dai  balttrt 
du  nlvaau  da  vlgllanea.  Cacl  n'tat  poa  tpdtiflqut  i  I 'adronautlqua  *1  a  pu  4tre  montrd  par  plualeuri  auteurs 
notammant  danala  domalne  lerrovlalre,  qua  ct  to  1 1  aur  la  tarram  (1,2)  ou  darn  daa  dtudei  da  loboratulrat  utllltarit 
un*  tlcha  da  conduit*  iimpllfld*  ( J),  Cat  fluctuations  du  nlvaau  d'dval!  aont  empllfldei,  dam  le  cot  de  pllotat  da 
volt  long-courrlert,  par  dat  perturbation!  dat  rythmea  clrctdleni  lldat  i  la  (oil  aux  ddcalagei  horalrtt  at  au  travail 
I  horalrta  alternant!  (<t|],S,>),  Laa  dtudaa  mandai  aur  I*  terrain  utlllaant  daa  technique!  da  monitoring  ambulotolre 
afln  de  rtcuallllr  dat  paramdtrat  phyalologlquta,  Cat  dtudaa  ont  permit  notammant  da  mettre  an  dvldonce  laa 
perturbation!  du  cycle  vtilla-aommall  comdcutlvaa  tux  vola  trantmdrldlent  at  laurt  repercussions  aur  la  vigilance 
pendant  let  dlffdrantaa  phtitt  de  vol.  dependant  cat  dtudaa  dameurant  llmltdaa  dam  let  concluaiuna  rt  lea 
application*  qii'*ll«i  parmettant  da  tlrar.  II  tambl*  Important  de  laa  compldter  an  tllectuant  une  obiervatlon  da  la 
tleh*  plua  dlaborde  afln  d'ldantlllar  da  manllr*  prddte  laa  tlchat  tuicaptlblai  d'ttre  affeetdea  par  dot  balaaaa  da 
vigilance  at  da  concavolr  dai  moyani  da  reactivation,  an  opllmltant  par  exampla  la  gaatlon  dat  eyelet 
actlvltd-rapoa  (I), 

Lai  balttaa  du  niveau  da  vigilance  ont  dat  rdparcutiloni  dlractat  tur  la  parformanca  du  pllote.  Eilat 
aftactam  I  la  loll  ton  attention,  malt  dgalement  ta  contcianca  da  la  iltuttlon  at  dat  dvdnamanti  qul  t*  ddroulant 
au  court  du  vol,  Ca  phdnomln*  d'hypovlgl lane*,  lid  I  I*  diminution  dat  aolllcltatlom  tanioriallaa  et  de  la  charge 
d*  travail  du  pilot*  paut  altdrar  U  qualltd  de  la  rdpume  du  ou  dat  pllotaa,  notammant  lora  de  altuatloni  critiques, 
□ant  le  but  a'dvalivar  la  variability  du  niveau  d'dvall  daa  pllotaa  at  d'dtudlar  dus  poaalbilltds  dr  rdactlvatlon  ou 
d'aialatanc*  an  vol,  un*  recherche  aur  I*  tarraln  a  dtd  entrcprlae, 

La  mdthoda  et  let  prtmlera  rdtultatt  da  la  phait  prdllmlnalra  de  cette  recherche  aont  prdaentds,  Au  coura 
da  catta  phata,  deux  ablectlla  etalant  pouraulvla  t 

•  mattre  au  point  une  method*  d'dtude  utlllaant  tlmultandmant  I*  monitoring  phyalologlque  at  I'obiervotion  de  la 
ttch*  at  «»  I'anvlronremant  du  pllote, 

•  racharcher  laa  condltioni  lavorliant  I'hypovlgllanca,  c'aat-i-dlre  eaaentiellement  lx  monotonia  et  la  diminution 
da  la  charge  de  travail. 


METHODE 

Hult  vola  long-courrlara  ont  dtd  allactuda  au  coura  da  cett*  phata  prdllmlnalra,  Tout  cat  vola  ont  dtd 
rdalltdi  avae  daa  dqulpagea  cumpoadi  da  volontalrat,  Pour  quatr*  de  cei  volt,  on  a  prlvlldald  dot  volt  da  null, 
caractdrltdt  par  dat  altuatloni  monotonaa  aur  daa  trajata  Nord-Sud.  Caa  vola  ■*  aont  dbroulia  tut  B747  pour  daa 
rotatlona  Parlt-Llbravllla-Parlt  at  Parla-Braaaavllla-Parli,  Lea  quatre  autrea  vola  aont  daa  vola  tranamdrldlena  qul 
ont  dtd  etlaetuda  antra  Parli-Wlnnlpag-Parla  at  Parli-Cayenna-Parla,  reapectlvement  tur  B747  et  DCS, 

Pour  ehacun  da  caa  volt,  deux  typea  da  matures  ont  dtd  ofiectudea  i 

-  daa  mature*  phytlologlquei, 

•  un*  obiervatlon  da  la  tlcha  at  da  I'tnvlronnement, 

Lit  meturat  phytlologlquat  tulvantai  ont  dtd  ratanuat  t 

•  I'dlactro-ancdphalogratnm*  (EEC),  afln  d'analyaar,  aprdt  analyte  ipactralt,  let  varlatloni  dta  prlnclpaux 
rythmat  i  btta,  alpha,  thlta  at  delta, 

■  I'dlictro-oculogramm*  (EOC)  pour  obtanlr  la  frdquonca  daa  mouvamanta  oculalrta, 

■  la  Irdquanct  et  la  variability  cardlaqua, 

■  I'actlvltd  motrlca  du  polgnet  (actomdtrle). 
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L'EEC  *t  li  frequence  dei  mouvementi  oculelrti  permettent  d*  meiurer  en  cuntlnu  del  variation!  du  niveau 
d'dvtil.  Elln  conitltuent  del  moyem  .tables  d*  detector  del  pdrlodei  dt  lomnolence,  L'EEG  a  dtd  reeuellll  a  partlr 
d'une  derivation  parleto-occlpltale  drolte  ndcoiiltant  la  poia  de  quatre  eiectrodei  i  uni  electrode  occipltale,  unc 
dlectrodo  parietal*  et  deux  eiectrodei  de  tarre  placeei  au  vertex.  Cette  derivation  permet  d'dtudler  plus 
partlculiirement  la  bande  de  frequence  alpha  (8-12  Hz)  dont  lei  variation!  aont  aiiez  blen  correiae*  aver  lei 
fluctuation*  du  niveau  de  vigilance  (1,2,)). 

Pour  la  frequence  del  mouvementi  oeulalrei,  diux  eiectrodei  ont  aid  flxeei  i  I'une  lur  une  lone 
eiectrlquement  Inactive)  la  maitolde,  I'autre  a  un  centimetre  au-denui  de  I'oell.  A  I'exceptlon  de  cette  dernlire, 
tout  lei  capteuri  ont  did  collet  au  collodion  qul  enure  une  bonne  (iebillte  aux  enreglitrementi  de  longue  dur<e. 

La  frequence  car.dlaque  a  dtd  enreglitrde  au  moyen  da  deux  derlvatloni.de  type  CM3  (creux  axllllelrc  droitt 
creux  exlllelre  gauche).  Noui  noui  Intereiiom  Id  devahtnge  4  la  varleblllte  cardlaque  dont  lei  variation!  lont  I  Idee 
4  la  charge  de  travnll  mentale. 

Pour  la  mature  de  I'actometrlai  un  eapteur  de  mouvementi  fixe  par  un  bracelet  xur  le  polgnet  droit  den 
pl'lotei  a  etd  utilise.  Ce  eapteur  comptablllie  lei  deplaceminti  4  partlr  d'une  detection  d'acceieratloni.  Ce 
parambtre  permet  de  lulvre  tur  dei  enreglitrementi  de  longuei  dureei  le  'Idroulement  He*  eyclii  ictlvlte-repoi. 

Cei  meiurei  phyileloglquei  ont  dtd  enrogiitrdai  tur  deux  centralei  d'acquMt.on  rnlnluurliees  dlMrentei, 
fournliiant  deux  typei  de  traltementi  t 

•  ] 'EEC,  la  frequence  det  mouvementi  oeulalrei  et  la  frequence  cardlaque  lont  enreglitrei  ioui  forme  analoglquc 
lur  une  bende  magnetlque.  I.'enreglatreur  utlllib  eit  un  MEDILOG-MU11  Hxd  4  lu  celnture  du  iulet( 

-  le  deuxtbme  enreglltreur  eit  une  centrale  d'acquiiltlon  numerlque  VITALOC  PMS-I  lur  lequel  la  frequence 
cardleque  et  I'a.ftometrl*  lont  enreglitreei.  Ce  lyateme  eit  (galement  fixe  4  la  celnture  du  iu|at. 

Lei  donn4ei  analoglquei  de  I'EEC,  de  la  frequence  dei  mouvementi  oeulaiiei  at  de  la  Irequence  cardlaque 
lont  numerlidii  aprii  relecture  tur  une  platlne  OXFORD-PBa  4  13  foil  la  vlteiie  d'enreglitrement.  Lei  loglcleli 
devtioppei  permettent  de  rdallier  i 

-  une  analyin  ipectrale  de  I'BEG  dam  la  bande  0.3-30  Hz  tur  dei  pdrladei  de  2  4  60  innondei, 

..  une  edition  dei  rdiultati  tout  formal  graphluuei,  rtpreientant  Involution  del  rythmas  alpha,  bate,  delta  et  thdta 
au  court  du  vol  i  catta  edition  pout  gtre  rd« Hide  ioui  forme  tie  puiuance  tbiolue  et  pumance  relative  pour  lei 
dlfterentei  bandei  de  frequence,  ou  de  rapport  de  iptctrei, 

-  une  edition  de  la  frequence  et  de  la  llurie  dai  dlgnemanti  dai  yaux, 

•  une  analyte  ipectrale  de  la  frequanco  cardlaque  dam  la  bande  0,001-0,3  Hi, 

-  une  edition  ioui  forme  graphlque  de  Involution  du  ipectrt  partlcull4remont  dam  lei  bandei  0,001-0,03  Hr, 
0,03-0,13  Hi  et  0,2-0, 3  Hi. 

Parallblement  aux  meiurei  phyilologlquei.  une  obiervatlon  de  la  tithe  ct  di  I'envlronnement  eit  rllecludr. 
Cei  uhiervetlom  demeurent  le  complement  Indlxpertiible  du  recuell  del  parainbtrei  tlologlque*  darn  la  mature  oil 

•  1 1  a  i  permettent  d'eilmlner  de  I'enalyie,  lei  legmenti  pour  loiqueli  I'actlvltd  phyiique  Interfire  evec  Iti  tithe, 
mall  lurtout  de  ca'actdrlior  I'envlronnement  du  pllote,  ace.  6tai  rt  la  tlche  dam  laquellr  "  eit  engage.  Cette 
obiervatlon  eit  rdalliee  a  I'llde  d'une  grille  de  code**  mile  au  point  lori  d'eturiei  antdrleures  («* )  et  adaptde  aux 
bviolm  partlculleri  de  cette  recherche  (figure  n*  I),  L'envlronnoment  du  pllote  eit  dlflnl  par  I'envlronnement 
opdrationnel  I  lone  de  contrAle  radar,  inrvalllenc*  radar,  eipace  libra,  alml  qua  par  Ini  condition*  r.tdtiorologl- 
que*. 


I  2  1  4IICMI.CM2.CM3  ID  II  I]  13 
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Grille  de  codage  dei  phaiei  de  vol  et  dei  tlchei  de  pilotage  long-cpurrler. 
Btat  actunl  du  codage  I  •  de  I'actlvltd  de*  dilfdient*  membra*  de  I'dqulpage. 

•  dei  condition*  du  vol  et  de  i'anvlronnement. 


Cette  grille  permet  de  coder  lei  pltatei  de  vol,  Iti  procedure*  engage**,  de*  dvinementa  anormaux 
dventueli,  alml  qua  la  repartition  da*  tiehe*  entre  le  commandant  de  bord,  le  copilot*  et  le  mdcanlclen.  Coi  codei 
lont  donndi  pour  I'ememble  di  I'dqulpage,  It  type  de  cummunlcetlon  engage*  eat  egalement  Identlfid  pour 
I'ememble  de  I'dqulpagn.  Cecl  eilmine  lei  communication!  Indlvlduellti  et  conduit  4  prlvlldgier  le  communication 
actuell*  la  plui  Important*.  L'etat  du  iu)et  (velllo,  repot  ou  autre)  el  U  t4ch*  lent  par  contr*  identifldi  pour 
chaque  membra  d'equipagt, 


PREMIERS  REJULTATS 

-  Obiervatlon  de  I'actlvltd  de  I'dqulpage  - 

Un*  prtmlbre  analyie  de*  reaultati  met  *n  evidence  une  grande  dlveriltd  dei  obitrvallnm  efltctue**  due  4 
plusleur*  variable*  i 

•  vol  de  nult  ou  d*  jour, 

-  activlte  entdrleure  du  pilot*  (repot,  decelag*  horaire,  rotation!  nocturnal), 


18-3 


-  la  region  >u-vol Je  (zone  atlxntlque  k  falble  trade  adrlen,  zone  terrestre  k  trade  adrlen  falble  ou 

important), 

Cependant,  certalnes  tendances  peuvent  dtre  ddgegeea  i 
la  premiere  concerne  I'analyae  del  communications  pul  montre  qu'll  dilate  d'lmportantea  modifications  dam  la 
nature  et  dans  la  duree  des  communications  selon  la  phase  de  vol  dans  laquelle  le  pilotc  eat  engage,  Le  silence 
tend  k  augmenter  au  court  du  vol  et  deviant  preponderant  lota  des  phasea  de  croislere  (figure  n*  2),  Pur  allleurs, 
lea  communications  entra  lea  membraa  de  I'equlpsge  aamblent  itre  plus  Importantes  lors  de  volt  de  jour  qua  lora 
dev  volt  de  nult. 


utOMtatg  at  voi 
Pluure  n"  2 

PARIS  •  BRAZZAVILLE'  I.ITA,  XX/ll/SI  -  Repartition  des  temps  de  coininUnlcatlun. 


-  la  seconde  tendance  qul  peut  lire  ddgagde  concerne  lei  pdrlodes  de  repot  yeux  diverts  on  yeux  lermea  qul  sont 
plus  nonibreusn  lera  dea  phaaea  do  vol  de  crolsllre.  I’orelieiement,  on  volt  une  dlmlmtllon  ess *t.  nettc  de  la 
vellle  lora  de  cea  phons,  pula  une  uugmanlatlon  lora  del  phaaea  (I'approchc  et  de  descents  (figure  n*  3). 

•  Parametral  phyalologlquei  - 

Af In  de  determiner  lea  variations  au  court  du  temps  de  I'actometrlr  et  de  la  frequence  laidluque,  lei  vuleurs 
sont  repreunteci  sous  forme  d'hlstogramrnes.  Lei  valaurs  sont  regroupdrs  par  ttlaase  i 

-  frequence  cordlaquu  i 

.  entre  170  et  200  battements  par  minute  i  claaaes  de  10  battementa' 

■  entre  30  et  163  battementa  per  minute  i  claim  de  3  battementii 

-  aetomdtrlB  t 

i  entre  100  et  200  Impuliloni  par  minute  i  eliiiea  de  90  Impulsions. 

.  entre  30.  et  100  Impuliloni  par  minute  i  claim  de  23  Impulsions' 

•  entre  10  et  30  Impulsions  par  minute  i  daises  de  3  Impulsions' 

.  entre  0  et  10  impuliloni  par  minute  t  classes  de  2  Impulsions. 

A  Prxamen  des  tracts,  on  peut  constoter  que  lei  eyelet  actlvltds-repot  son!  aildmtnl  Idnnllfleblea  aur  la 
restitution  des  enreglstremeiits  d'actonuitrle,  lei  pbrlodri  de  repos  dlent  carat  tdrlidos  par  une  bailie  tris  nette, 
voire  une  dlsparltion  complete  des  mouvementi  du  poignet  pendant  le  sominel!  (figure  n"  0),  II  esl  possible  de 
cette  rmtnlire  d'objtctlver  des  privatloni  partlalles  de  snmmeil,  dont  on  salt  par  sllieurs  qu'elles  peuvent  Indulre 
das  somnolences  dlurnee  en  situation  monotone.  Let  oscillations  Je  la  frequence  cardleque  moyenne  sent  observdes 
on  liaison  avec  das  prases  d'actlvltd  physique,  du  pilotage  propreinent  dlt,  alnil  que  pour  les  fluctuations  k  long 
tarme  dues  aux  rytbmee  clrcadlens.  Cette  dtude  des  fluctuation!  clrcadlenne*  sera  compldtde,  pour  la  suite  ues 
volii  par  un  recuoll  en  contlnu  de  la  tempdrature  rorporeile. 


■  Analyse  apectrala  dea  actlvitds  DEO  et  SOU  ■ 

La  calcul  des  spectral  de  pulssence  de  I'EEO  a  dt i  rdallsd  pour  des  sequences  dr  30  secondss  ce  qul  pormet 
de  ddtacttr  das  pdrlodes  d'hypovlgl lance  de  courtes  durdei.  Les  figures  n“  3  et  6  montrtmt  reipectlvement  un 
spectre  de  puissance  BEG  eu  debut  d'un  vol  Nord-Sud  de  nult  et  un  spectre  enreglstr*  sur  le  m*me  sujet  I  heure  30 
apris  le  ddcolltge.  On  note  une  auguimtatlon  Important!  de  la  pulsaance  dans  la  bende  de  frequence  elphe  ontre 
cos  deux  pdnodej.  Cette  augmentation  de  la  puissance  alpha  se  rotroiive  par  pdrlodes  tout  au  long  du  vol  comma 
It  montre  Involution  des  spectres  eu  court  d'un  vol  de  nult  (figure  n"  7).  Les  mimes  phdnomines  sont  constates 
tors  d'un  vol  tranimdrldlen  dr  jour,  ce  vol  dtant  consdcutlf  a  un  repoe  lors  d'une  eseele  durant  lequel  le  pllote  a 
subl  une  privation  partlelle  de  sommell  objective  par  I'enreglstrement  d'actometile  (figure  n*  I).  On  peut  peter 
d'lmportantes  modifications  dans  la  bande  de  frequance  alpha  aprli  quatra  heures  de  vol. 
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Figure  n*3 

Spectre  de  puissance  de  I'actlvltf  e£g  'pour  une  sequence  de  30  secondes. 

Extrait  d'un  cnreglstrement  effectut  sur  le  copilote  d'un  equipage  au  debut  d'un  vol  de  nuit 
(13  minutes  aprei  ie  decollage). 


Figure  n*6 

Spectre  de  puissance  de  I'EEC  pour  le  m*me  pilot*  ct  le  mime  vol  dc  nuit,  apres  l  heurc  ct  30  minuses  dc  vol. 
On  notera  ^augmentation  de  puissance  dans  la  bande  alpha. 


I  'a  a  lyse  par  bande  de  frequence  mon*re  egaiement  pour  un  autre  vol  Nord-Sud,  une  augmentation  de  la 
puissance  des  rythmes  delta,  thfcta  et  b*ta  2  heures  30  apres  le  debut  du  vol  pour  le  copilote  (figure  n"  V)  ct  pour 
le  tneranlclen  (figure  n*  10).  Cette  augmentation  de  la  puissance  totale  du  spectre  peut  *tre  inteipretee  comm* 
une  ba'ste  de  la  vigilance.  II  est  done  interessant  de  constater  que  cette  hypovlgllance  intervient  au  m*me 
moment^  pour  deux  membres  de  I'dqulpage.  Lei  traces  du  commandant  de  Lord,  pour  ce  vol,  ne  peuvent  *tre 
preserves  en  raison  de  problemes  techniques  apparus  lors  de  I'enreglstrement  (important!  parasites  lies  a  une 
electrode  en  par  tie  decoilec  i  la  suite  d'un  choc  de  la  t4 te  de  ce  pilote  contre  la  parol  suporieure  de  It  cablne). 

Une  balsse  dr  b  frequence  rles  cllgnements  oculuires  est  egalement  constatee  parailfeiement  A  des 
modification  de  I'aciivite  EEC,  nolamment  lors  d'augmentatlons  du  rapport  alpha-delta  et  alpha-th^ta. 

En  resume,  on  peut  formuier  ies  remorques  sulvantes  i 

-  ie  recuekl  des  uctivites  EEC  et  LOG  prut  s'effectuer  de  maniere  acceptable  dans  des  conditions  rutiles  de  vol, 

-  des  fluctuations  dc  I'activlte  EEG  peuvent  #tre  misea  eh  dvidenre  sur  Ies  spectres  de  puissance  principaiement 
pour  lei  bandes  alpha  et  delta, 
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dnltu  Ihdta  alpha  bttn 


Figure  nu  7 

Variation  du  spectre  KEG  (bande  0-1}  HzPiur  un  vol  do  longue  duree  do  nult. 


Figure  n*  8 

Variation  du  spectre  EEC  pour  un  vol  de  jour,  apres  une  privation  partlelle  do  soinmell  lors  do  1‘oscale. 
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Ici  augmentations  tr6*  nettes  des  rapports  alpha-thAta  et  alpha-delta,  qul  tradulsent  lei  modifications  de 
I'actlvation  du  pllole,  le  .etrouvent  prA (Arentlellement  dons  les  vols  de  null  et  dans  les  vols  de  )our  consAcutlts  A 
une  prlvutlon  p  art  lei  I  e  de  sommell, 

rea  phases  pour  lesuuelles  lu  balssc  de  vigilance  ext  la  plus  marquee,  out  etA  Identifiers  prlnclpnlement  pour  des 
sequences  d'actlvltt  de  surveillance  au  court  des  phavi  da  crolslAres. 


CONCLUSIONS 

Cette  phase  prAllmlnalre  a  permls  d'abordtr  esientlellement  les  problimts  de  mAthodts  lies  aux 
enreglstrements  physlologlques  eftectuAs  en  ambulatolre  au  court  de  vols  de  lortguet  durAes,  Cependnnt,  une 
premiere  analyse  montre  qu'll  exlite  d'lmportantes  variations  dans  las  spectres  d'BEG  quantlfle  et  dent  lu 
frequence  des  mouvements  oculalres,  Dei  alternances  de  phases  durant  lasquelNs  let  pllotes  prAsenttnt  une 
vigilance  AlevAe  avec  del  phases  de  somnolence  ent  AtA  observAes  pour  chaque  membre  de  l'Aquipage,  Les 

ErTvatlons  de  sommell  su  court  des  escsles  ont  des  rApercussloni  sur  le  comportement  del  pllotes.  En  pirtlculier  Is 
nine  de  vlgllence  peratt  plus  prononcAe  pour  las  vols  qul  suivent  une  null  avec  privation  de  sommell,  mtme  si  ce 
vol  est  effectuA  durant  Is  JournAe. 

La  seconde  Atape  de  cettn  recherche,  qul  se  dAt  oule  actuellement,  porte  sur  90  volt  long-courrlers.  L 'analyse 
des  donnAet  sera  centrAe  sur  I'ldentlflcatlon  des  phases  d'hypovlgllance,  la  rApAtltlvItA  de  cei  phases,  leur 
Interaction  avec  les  tidies  et  lea  actlvitAs  des  pllotes,  alnsl  que  sur  I'effet  cumulA  de  la  monotonia,  du  "|tt-Lag"  et 
de  la  privation  de  sommell, 

Lea  rAaultata  attendus  devrelent  permettre  d'Atabllr  des  recommendations  relatives  aux  horalrts  et  A 
I'organlaatlon  du  travail  des  Aqulpagea,  Par  example,  des  periodes  de  sommell  de  courte  durAe  avec  une  pArlodleltA 
et  une  durAe  A  dAflnlr  pourraient  Atre  proposees  dens  le  but  de  melntenlr  I'efflclence  de  chaque  membre  de 
1'Aqulpege. 
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Parformanoa  capacity  undar  hypoxia  conditions  waa  dotorminod  in  4B  aubjsota  nxpossd  to  a  simulated 
altitude  of  26,000  fast  (7.620  mta.).  Ths  mathod  was  a  medifiad  Toulouaa-Piaron  Taat  (TTM)  and  a  Digit 
Span  Tsst  (DBT) ,  completed  at  3  conditional  Ground  Laval  (OL),  FL  260  and  Plaoebo  (PL),  Maximum  hypoxia 
time  was  4  mlnutss  and  it  waa  msasursd  avary  30  sso.  W*  obtain  ths  Diraot  Partial  Beora  (DPS)  S  timea 
through  ths  4  min.,  and  ths  Dirsot  Total  Boors  (DT8)  by  ths  Tolouaa  application  formula.  Significant 
decrements  in  taat  parformanoa  wart  found  by  comparing  OL  -  FL  260  and  PL  260  -  PL  in  paira  at  ,001 
confidants  laval  attar  point  90  no.  time  for  DPS.  We  get  aimilar  raaulta  for  DTB.  For  DTS,  tha 
comparative  analysis  of  tha  avarags  valuta  were  also  significant.  Tha  application  of  the  TTM  la  oonaidarad 
aa  uaaful,  aimpla  and  profitable  in  ths  evaluation  of  Attantion  Capacity  of  tha  aviator  under  hypoxia 
oonditiona.  Tha  "Inoapacltation  Curva"  la  a  tarn  vhioh  expresses,  in  a  quantitative  and  oronologioal  way, 
ths  paychomotor  psrformanoa.  Both,  tha  TTM  thd  DTS.  are  between  asoh  othar  complamantary  tools  in  tha 
evaluation  of  tho  paychomotor  pilot  efficiency. 


introduction 

Tht  quantitative  evaluation  of  tho  intellectual  and  payohomotor  parformanoa  of  tha  flyer  la  a 
valuable  date,  in  tho  determination  of  tho  af facta  of  hypoxia  (1,2). 

Although  thla  Information  has  baan  uaaful,  the  raaulta  hava  often  bean  contradictory  (6,7,8). 

Sensitive  method*  of  meaeurlng  eyetem  error,  ueing  qualified  pilot!  in  both  real  end  aircraft 
simulators,  have  been  developed  (2,9),  but  very  little  data  la  available  on  the  critical  time,  referred  to 
•a  tli  t  a  of  Uaaful  Funotion,  as  a  point  or  dtoay  along  ths  progressive  parformanoa  deterioration,  which 
rafla  ta  tha  pilot's  lntallaotual  estimation  undar  hypoxia  condi tlona. 

O'Connor  (A)  dssoribad  tha  Parformanoa  Rats  as  ths  ratio  of  task  unite  completed  in  a  unit  tlms  undsr 
hypoxic  oonditiona  ovar  taak  unit  tima  oomplatsd  par  unit  tima  under  non-hypoxio  oonditiona.  The  result, 
an  index  value,  la  a  metric,  whioh  would  permit  comparisons  of  diffarent  tasks  asnsitlvs  to  hypoxic 
oonditiona* 

Tha  raaotion  capacity  against  any  imposed  task,  is  a  complex  of  factors,  which  inoludsd  reasoning, 
payohomotor  and  a  visual  faotor.  Tha  reasoning  factor  alma  to  discover  rules  or  principles  in  order  to 
arrive  at  a  solution.  To  help  aueh  a  faotor  perceptual  and  payohomotor  aupportla  necessary. 

Ths  aviator  muat  bs  alert  thoughout  the  flight,  in  ordar  to  prevant  any  contingency,  accident  or 
inoidant,  He  should  reoognisa  any  stimuli  from  ths  surrounding  specs  in  order  to  make,  control  and  direct 
a  movement  (final  Integration  of  an  elaborated  answer ),  according  to  the  corresponding  stimuli.  Mors 
recently  Israeli  and  al.  (4)  in  a  new  approach  to  tha  TUC  evaluation  at  26,000  fast,  studied  ths  loss  of 
minimal  attentive  capabilitiaa,  manifested  by  tha  inability  to  add  two-digit  number*  correctly, 

The  Toulouaa-Piaron  Test  (TTM)  measured  the  aueteined  attention  fatigue  resistance,  payohomotor 
factors  and  personality.  Fatigue  resistance  is  defined  ai  the  capacity  to  perform  a  repetitive  and 
routine  taak  with  an  acceptable  output. 

It  ia  a  useful  test  in  order  to  evaluate  cognitive  and  paychomotor  aspects  in  e  variety  of  teeka 
whioh •  demands  constant  attention  end  fatigue  raeiitanoe. 

The  teat  la  easy  to  carry  out  and  free  of  any  external  inoluenqq.,  ,It.,kaa,wsg  .important  saturation 
point  in  topological  faotora,  active  perception  and  atetio  viiual  factors*...-;  .r--  i»i  .  i<*  - 

The  Digit  Span  Teat  measure*  the  Attention  Oapaolty  and  Dia traction  Rcsiatanoe  of  the  aubjeot.  The 
taak  ia  lntallaotual  and  it  doea  not  offer  any  emotional  link.  The  teat  could  be  an  indicator  of  tha  pilot 
ability  or  lntallaotual  skill  under  hypoxia  condition. 

This  paper  report*  our  experience,  in  a  two  complementary  teat  whioh  allow  aimpla  and  objective 
evaluation  of  tha  "Parformanoa  Capacity"  of  the  aviator  under  hypoxio  oonditiona. 


METHODS 


A  standard  altitude  chamber  (BTC  APTF  10M)  was  used,  the  camber  can  accomodate  10  train**!  In  tha 
main  compartment  and  two  in  the  R/D  compartment  plua  2*1  instructor.  An  Oxigen  system  le  supplied  to 
etch  Individual  throughout  an  Oxigen  automatic  pressure-demand  ragulator.  Fourty-eight  healthy  airorew 


members  were  chosen  with  an  average  age  of  23,73  +  3.63,  weight  72,21  Kg  +  8,02  and  a  height  of  176,67  cm 
+  7. OB.  The  study  was  carried  out  at  ft  simulated  altitude  of  26,000  ft.  (7,620  mta,).  Thin  altitude  was 
chosen  taking  Into  account  the  pressurioetlon  profile  of  most  of  the  fighters  (22,000-25,000  ft.),  and  the 
minimum  altitude  In  which  Decompression  Sickness  starts  to  be  significant. 

The  study  was  carried  out  under  three  different  conditions: 

1)  At  Ground  Level  (altitude  ■  602  mts.)  (OL). 

2)  At  26,000  ft,  (7,620  mts.)  (simulated  altitude  in  a  decompression  chamber),  (TL  250). 

3)  Placebo  or  Control  Flight  (PL)  at  7,620  mts.  (FL  250,  not  real),  the  real  simulated  altitude  reaohed 
wu«  1,600  mta.  Th«  time  and  prooeduree  Of  this  flight  ware  similar  to  the  FL  250  profile. 

The  Placebo  flight  eatabllahed  which  emotional  and  itreaa  factors  era  linked  to  the  experimental 
situation,  Theao  Factors  could  ba  evaluated  separately  from  the  atraaa  factors  atrietly  associated  with 
the  FL  250  flight. 

A  denitrogenation  period  of  30  min.  followed  an  ear  and  ainua  check  at  5,000  ft  (1,624  mta.).  Aacent 
and  dcaoant  ratea  wart  4,600  ft/mJn.  Oxigan  masks  ware  removed  and  the  Qxigen  aupply  evitohed  off  before 
starting  both  teats  in  conditions  FL  260  end  Plaoebo.  The  evaluation  was  made  by  the  application  of  the 
Toulouse-Pieron  Teat  modified  for  this  purpose,  and,  in  a  two-minuta  interval,  the  Digit  Span  Test. 

Ths  Toulouse-Pieron  modified  tut  la  one  page  form  that  includes  blocks  of  400  figures  in  pairs,  ona 
par  for  each  condition.  Ths  teak  consisted  in  locating  and  marking  among  ths  elsmsnta  of  each  11ns,  tha 
figuras  equal  to  the  pattern.  Baoh  line  has  10  figures  to  mark,  and  their  distribution  is  randomised.  Tha 
teak  should  be  done  in  tha  shortest  time  possible, 

We  have  considered  the  total  number  of  lines  completed  at  a  time  limit  uf  four  minutes  and  also  the 
proportional  linea  completed  every  30  seconds. 

Scores  are  obtained,  taking  into  consideration  tha  proportional  periods  marked  by  tha  trainee  every 
30  seconds,  called  direct  Partial  Boors  (DPS)  and  the  total  number  of  lints  completed  in  4  minutes,  called 
Diract  Total  Score  (DTS). 

To  get  the  Score*  wa  uaad  ths  Toulouse-Pieron  Formula: 

DPB  -  Possible  auooesaa  scores  -  (errors  4  2x  omissions)  every  30  sea. 

DTB  ■  Possible  success!  scores  -  (errors  *  2x  omissions)  in  4  min, 

The  Digit  Span  Test  includes  three  blocks  of  numbers,  ona  for  eaoh  condition  and  divided  in  two 
parte*  Tha  firat  one  oonaiata  of  repeating  aariaa  of  numbers,  announced  by  the  lnitruator,  The  second  one 
ia  in  an  invert  order.  Tha  teat  started  with  a  aerial  of  three  digit  numbers,  tha  number  of  digits  is 
inoraaaad  in  each  number  line,  until  a  maximum  of  nine,  The  test  is  finished  when  the  trainee  fails  twice, 
Ths  aeoond  part  prooaeds  in  ths  asms  way  until  a  maximum  of  eight. 

Wa  obtain  two  tlpaa  of  final  icoreat 

1)  Diraot  Score  I  X  ♦  X* 

2)  Tlplcal  Score  l  Diraot  application  of  a  Table, 

Statistics  wars  mads  by  tha  8P88  PC,  Wa  studied  tha  Intraaubject  variansa  anslyis,  oonaldaring  tha 
condition  Altitude  and  Tima,  We  made  the  comparative  analysis  of  the  mean  sooras  in  eaoh  condition,  and 
ths  comparative  analysis  of  ths  mean  partial  soorea  in  auoosaaiva  pairs. 


RESULTS 

TOULOUSE-PIERON  MODIFIED  TE8Tl 

Wa  have  assn  how  Tims  and  Altitude  have  a  global  efeot  on  each  subjsct  and  la  significant  In  relation 
to  tha  Altitude  (.001  Confidence  Laval),  to  tha  Time  (.001)  and  also  to  tha  Altitude-Time  relationship 
(.001). 

Tha  comparative  analysis  of  averages  at  eaoh  condition  shows  a  significant  daortmant  in  teat 
performance  by  comparing  in  pnira,  Ground  Level  and  FL  260,  at  .001  confidence  level  after  point  90  sec. 
for  DiraaSs  IlfUallHMi.'Si  fund  oignifloant  difference*  by  compering  in  palre  QL  and  PL,  only  at  the 

beglnlng  of  tfce  teat,  tsrM  (ft«e  Figure  1  and  2). 

For  DTB  we  found  similar  results  in  QL-FL250  and  FLB50-PL  at  ,001  confidence  level,  and  tha  condition 
FLB50  presented  tha  lowest  result ,  Tha  comparative  analysis  of  tha  average  values  in  pairs  of  auooaaive 
soorea  in  oaoh  condition  will  make  it  possible  to  identify  the  evolutionary  oourae  of  tha  DPS  throughout 
the  time.  It  means  that  wa  can  observe  the  point  at  which  a  significant  change  occura  in  tha  score 
pattern. 

Figure  3  shows  the  evolution  of  ths  ecores  in  each  condition.  We  eas  how  at  FL  260  there  wan  a 
constant  decrease  of  the  average  values  in  relation  to  ths  time,  after  point  60  aec, 

We  observed  how  at  (JL  scores  at  30  aec.  and  60  sec.,  they  are  lower  than  the  following  ones. 
Something  similar  It  happens  at  FL2BO  and  Placebo.  At  the  end  of  the  Plaoebo  condition  wa  found  a 
significant  score  deoraaai. 


DIGIT  SPAN  TEST : 


Tht  comparative  analysis  of  the  naan  average  valuaa  in  ralatlon  to  tha  thraa  conditiona  atudlad  ware 
algrtiflcant  for  Dlract  Scoraa  (Sea  figure  4). 

-  0L-FL250  i  minor  than  .001 

-  QL-Plaoabo  I  minor  than  .01 

-  ruse-placebo  ■  minor  than  .001 

Tha  Typical  Scoraa  ahow  atatiatioal  differancaa,  and  raaulta  ara  much  more  almllar  to  Dlract  Scoraa. 

-  ol-FLRfto  i  minor  than  .01 

-  OL-Placabo  >  minor  than  ,0B 

-  rLSSO-Pleotbo  t  minor  than  .001 


DISCUSSION 

Tha  analyaia  of  tha  tint  faotor  under  tha  at  condition,  ehowe  a  high  confidence  level.  It  la 
nacaaaary  to  uaa  tha  evolution  of  tha  accraa  through  tha  whole  Toulouee-Pleron  teat,  in  order  to  evaluate 
the  real  eignlfloance  of  auch  raaulta.  There  ia  no  differancaa  after  BOatc.  time.  We  ehould  attribute  thla 
to  tha  normal  learning  effect  at  tha  beginning  of  tha  teat, 

Tha  evolution  of  tha  time  factor  under  condition  FL2B0  a  ".ova  lover  auceaalve  auorea,  thla  ia  mora 
manifeeted  after  180  aao.  It  could  ba  aald,  thla  evolution  daacrlbea  -hat  we  could  oall  tha 
"Incapacitation  Curve," 

O'Connor  (Cl  found  almllar  raaulta  hut  the  method  he  employed  ia  muoh  more  elaborated  and  performed 
by  one  trainee, 

laraali  et  al  (4)  deacrlbed  the  loaa  of  minimal  attentive  capabllltiea  by  adding  paira  of  two  digit 
numbera  at  random.  They  alao  found  a  drop  of  probability  after  ISC  aao,  and  it  le  vary  evident  at  240  aao. 

We  have  conaldored  a  time  limiting  faotor  of  4  min,  which  rnecne  a  drop  of  4 Oh  in  the  acore 
evaluation,  in  relation  to  OL  and  PL.,  determining  faotor  to  aenume  that  performance  capabllltiea  are 
impaired. 

Tha  analyaia  of  the  Placebo  condition  ahowa  a  almllar  Pattarn  to  QL  conditiona,  but  eoorea  at  210  and 
240  aec.  ara  lower  than  we  found  after  a  period  of  90  aee.  It  oould  be  due  to  detraction  and  fatigue 
ractore,  eamething  we  ehould  take  into  consideration  after  a  prolonged  time  inaida  tha  Altitude  Chamber. 

The  lack  of  global  atatiatioal  algnifloant  difference  between  the  OL  and  PL  pattern  exolude  any 
payohologioal  or  atreaa  factora  linked  to  the  aaparlmental  eltuatlon. 

In  relation  to  the  Digit  span  Teat  we  obeerve  that  ita  evaluation  ia  exelueively  linked  to  the  finel 
acore.  There  le  no  time  limit,  but  the  teet  wee  finished  in  leee  then  three  mlnutee.  We  found  eignirioent 
difference*  in  the  oomparetlv*  analysis  of  etch  sonditlon,  Tht  fact  of  the  "nul  hypothesis"  dote  not  occur 
in  the  comparison  of  OL-Placabo,  whleh  naans  an  emotional  and  probably  fatigue  faotor  at  tha  and  of  tha 
test, 


According  bo  Ilmmarman  (9)  thla  teat  ia  a  good  indicator  of  tha  audio-verbal  attention  capacity  and 
skill  to  face  a  simple  task, 

Wa  undaratand  that  tha  modified  Totilouse-Pisron  teat  and  Digit  Bpan  teat  ia  a  useful  simple  and 
complementary  tool  In  tha  evaluation  of  tha  "Attention  Capacity"  of  tha  aviator  under  hypoxia  oonditlona 
and  measures  in  a  quantitative,  global  ana  cronolcgtcal  way  the  psychomotor  pilots  efficiency. 
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SUMMARY 

Roll  oiruularvaotion  ia  an  illuaion  of  aalf -rotation  about  tha  fore-eft  axia  experi- 
anaad  whan  a  stationary  aubjaot  la  axpoaad  to  a  visual  fiald  rotating  in  tha  frontal 
plana.  In  thaia  experiment*,  subjects  hava  baan  askad  to  aitinata  tha  atrangth  of  this 
phanomanon  whila  undargoing  visual  stimulation  in  tha  upright  and  supine  positions,  and 
during  parabolic  aircraft  flight.  Tha  rasulta  indicata  that  tha  si  >ady  roll  component 
of  vaotion  ia  not  affaotad  by  tha  magnitude  or  diraotion  of  tha  gravity  vaotor.  Tha 
unpradiatabla  and  suddan  loaa  of  this  compelling  illusion  uould  contribute  to  aarioua 
apltodas  of  pilot  disorientation. 


INTRODUCTION 

The  work  daaaribad  in  this  paper  was  eonductad  in  support  of  an  experiment  to  bo 
carried  out  during  tha  first  International  Microgravity  Laboratory  mission  on  Shuttle. 

That  axparimant  will  measure  tha  ralativa  contributions  of  vision  and  vestibular  sensory 
information  to  spatial  orientation,  and  how  these  contributions  change  during  prolonged 
weightlessness .  The  present  article  will  not  daal  with  tha  neurophysiology  of  space 
flight,  but  will  describe  the  phenomenon  being  measured  (oiroularveotion  about  the  roll 
axis),  our  studies  of  it,  and  now  it  oould  contribute  to  spatial  disorientation  in  pilots. 

Circularveotion  is  a  compelling  vestibular-llks  sansstion  of  self-rotation  experi¬ 
enced  whan  a  stationary  subject  is  axpoaad  to  a  rotating  visual  environment  (1,3| ,  Roll 
airoularveation  is  experienced  when  the  visual  fiald  rotates  in  the  frontal  plane.  Typi¬ 
cally,  if  tha  aubjaot  is  upright,  a  paradoxical  illuaion  of  steady  roll  rotation  combined 
with  static  roll  tilt  results,  If  tha  subject  ts  supine,  and  tha  field  rotates  about  the 
gravity  vector,  only  rotation  it  perceived  and  no  tilt. 

As  a  purely  aubjaotiva  phenomenon,  roll  ciraularveotion  has  bsen  difficult  to  quan¬ 
tify,  even  under  laboratory  conditions.  In  mars  operational  environments,  those  data 
whlah  have  baan  collected  have  tended  to  be  quite  variable,  forcing  the  use  of  measures 
such  as  latency  of  onset,  which  may  or  may  not  correlate  with  strength  of  vectlon  (8,7). 

We  have  attempted  to  develop  more  reproducible  methods  of  measuring  vaotion  for  tha 
spaas  experiments .  In  the  process,  we  wars  surprised  to  find  that  vaotion  was  most  easily 
obtained  and  quantified  whan  the  rotating  stimulus  did  not  occupy  sll  of  tha  subject's 
peripheral  visual  field  (41,  and  that  tha  steady  roll  component  did  not  appear  to  be  ef¬ 
fected  by  tha  magnitude  or  direction  of  tha  gravity  vector. 


METHODS 

The  experiments  wars  conducted  in  3  atagas.  Initially,  oiroularveotion  was  muaeured 
in  20  subjects  who  wars  tasted  in  tha  upright  and  supine  positions.  Tha  same  experiment 
was  then  oarrled  out  on  S  subject*  (on*  of  whom  hsd  bran  in  the  first  group) ,  comparing 
th*  response  obtained  during  parabolic  flight  to  that  msaaurad  in  the  upright  poaitlon 
whil*  tha  aircraft  waa  stationary  on  ths  ground. 
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During  all  experimants,  thn  subjsee  waa  tightly  restrained  In  a  special  aeat  by 
naana  of  a  4-point  harnasa  and  hand  straps  (fig.  1),  Tha  taut  ware  also  sacured  to  the 
aaat  basa  for  tasta  in  tha  aupina  position.  A  doma-ahapad  visual  stimulator  waa  posi¬ 
tioned  with  Its  rim  75  .mm  ahead  of  tha  subject's  eornaa,  ao  that  it  ooeuplod  about  140" 
of  his  visual  field.  This  provided  the  subject  with  a  limited  ■  ,ew  of  tha  outside  world 
beyond  tha  rim.  The  inner  surfaoa  of  the  dome  was  constructed  of  white  fabric  printed 
with  many  randomly-placed  coloured  dots  (19  mm  diameter),  The  visual  stimulus  oonaictod 
of  continuoua  rotation  In  either  direction  at  10,  45  or  60“/sec.  This  aontinued  for  40 
■sa  in  the  first  sat  of  testa,  and  18-10  sac  in  the  second,  tha  lather  being  tat  by  tha 
duration  of  each  sero  gravity  parabola.  Coma  vtloolty  and  direction,  and  subject  orien¬ 
tation,  ware  randomised  in  tlia  first  experiment.  This  was  not  feasible  in  tha  airarsft, 
ao  a  fixed  sequence  of  taste  Was  repeated  3  times. 

The  subject  was  instructed  to  stare  at  infinity  (not  at  tha  much  aloaar  surface  of 
tha  dome),  don't  blink  and  don't  mova  tha  ayes,  Whan  the  dome  wea  rotated,  and  vaction 
began,  tha  outside  world  as  aaan  with  axtrema  peripheral  vision  only  appeared  to  rotate 
with  tha  aubjeet  in  tha  direction  opposite  to  tha  dome.  In  faot,  any  other  objoot  fixed 
in  tha  (laid  of  view  would  have  behaved  the  same  way  ID,  The  subject  was  instructed  to 
rotate  a  ararik  attached  to  a  360“  potentiometer,  matching  tha  speed  of  rotation  of  the 
crank  to  tha  apparent  spaed  of  rotation  of  tha  outside  world, 

To  measure  the  reiponie  in  the  supine  position,  the  entire  oppnratua  and  eubject 
were  tilted  backwards  by  90’,  While  tactlln  cues  and  the  view  of  the  outside  world  must 
be  different  in  tha  two  position!,  at  least  the  subject*  were  always  fully  relaxed  and 
in  tha  asm*  posture.  The  parabolic  flight  experiments  were  carried  out  in  the  NASA  KC- 
135.  This  is  a  large,  transport  category  aircraft  which  provides  40  periods  of  weight* 
laaenees  on  a  typical  flight,  eaah  lusting  up  to  35  sea,  rJenereily,  18  to  30  sea  of  that 
time  are  usable  for  teatlng.  The  aeat  was  bolted  to  the  floor  of  the  aircraft  during 
thee*  maneuvers.  Control  experiment!  were  conducted  under  tha  same  conditions,  but  with 
tha  airarsft  psrked  on  ths  ground. 

During  the  first  set  of  experiments ,  dome  end  crank  angular  position  were  recorded 
directly  by  aomputar,  which  also  provided  ouai  for  beginning  end  ending  the  teat  stimulus. 
During  the  flight  experiments,  dome  and  crank  position  ware  recorded  continuously  on  an 
PM  tap*  reaordar,  and  played  beck  Into  tha  aomputar  at  a  later  date.  Tha  atlmulator  was 
turned  on  by  tha  operator  ae  soon  as  steady  weight laaenaia  wee  achieved,  and  turned  off 
just  prior  to  pull-up. 


RESULTS 

All  aubjaots  in  both  sate  of  experiments  experienced  strong  roll  oircularvectlon 
which  had  a  vary  sudden  onset.  However,  ae  reported  previously  (6) ,  vac tion  is  not  a 
particularly  stable  phenomenon,  having  a  variable  latency,  variable  strangth,  and  occa¬ 
sional  "drop-outs"  during  which  it  suddenly  disappears  for  a  period  of  time.  The  latter 
could  be  provoked  by  blinking  thn  eyes,  changing  the  direction  of  gass,  or  moving  the 
limbs  or  body.  Dietraotione  auoh  aa  unexpected  movement  in  the  subject 'e  peripheral 
visual  fluid,  or  a  auddan  noise,  had  the  earn*  effect, 

Figure  3  la  an  axampla  of  tha  results  obtained  when  the  subject  was  upright  am)  the 
dome  waa  rotating  at  OOVsec  in  tha  ccunter-clockwisa  direction.  Cumulative  angular 
position  of  the  dome  (lower  curve)  and  the  crank  (upper  curve)  have  baen  plotted  ax  a 
function  of  time.  The  dome  completed  approximately  3.7  revolutions  during  this  teat.  An 
example  of  *  drop-out  ie  seen  between  16  and  33  esc. 

To  bagin  the  analysis,  up  to  5  segments  of  5  see  duration  wore  defined  during  which 
vaotion  waa  reasonably  stable,  Vection  strength  waa  determined  in  each  of  those  segments 
by  fitting  linear  regression  lines  to  the  dome  and  crank  data  and  comparing  the  slopnn. 
Saturated  (1004)  vection  would  indicate  that  the  crank  was  being  turned  at  the  samu  unto 
aa  the  dom-,  If  multiple  estimate!  of  percent  saturation  of  voction  ware  obtained  from 
a  single  record  (aa  in  Fig.  3),  they  ware  averaged.  Latency  of  onset  of  vection  waa 
determined  separately  using  expanded  and  dif ferantiated  plots. 

Figure  3  summarises  the  results  of  the  first  set  of  experiments,  averaged  acrosu  all 
20  subjects.  Tha  latency  of  onset  of  vection  ha*  been  plotted  above,  and  the  percent 
•aturation  of  vection  (strength  of  vaction)  below,  both  as  a  function  of  dom*  rotation 
speed,  Results  with  the  aubjeet  upright  have  been  plotted  on  the  left,  and  thoae  with 
the  subject  in  the  supine  position  on  the  right,  rhe  results  of  clookwiss  and  counter 
clockwise  rotation  have  been  plotted  separately,  The  error  bare  represent  one  etandard 
error  of  the  mean.  The  dashed  linax  have  been  added  to  facilitate  comparison*  between 
graphs. 

Neither  the  latency  of  onset  of  vection,  nnr  its  strength,  wae  affected  by  Hie 
direction  of  dom*  rotation.  Onset  latency  was  also  independent  of  etimulue  angular  velo¬ 
city,  Vaction  etrength,  however,  appeared  to  fall  off  at  ths  higher  rotation  rates, 
possibly  reflecting  saturation  occurring  at  those  angular  velocities  (3) .  In  moat  oases, 
Indicated  vection  magnitude  exceeded  the  etimulue  angular  velocity,  as  indicated  by  I 
saturation  greeter  that  100.  This  may  be  a  systematic  overestimation  by  the  subjeats, 
perhaps  related  to  the  apparent  oounter-rotation  of  dom*  and  peripheral  field,  l't  may 
alio  reflect  the  application  of  sire-distance  sailing  to  rotary  motion,  in  which  eaue  a 
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FIGURE  1.  Computer- janara tad  plot!  of  cumulative 
angular  poaition  of  dome  (lower  eurva)  and  crank 
(uppor  curva)  aa  a  function  of  time,  Vaation 
atranqth  waa  calculated  uaing  tha  aegmenta  of  the 
aurvaa  within  aaoh  rectangular  box, 
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near  object  viewed  while  focusing  at  a  distance  would  appear  to  move  (rotate)  more  rapidly 
(5) •  Whatever  the  explanation,  It  Indicate!  the  great  strength  of  the  Illusion.  Veotlon 
onset  latency  was  both  longer  and  more  variable  when  the  aubjeot  was  supine,  However,  the 
strength  of  veotlon  was  not  affected  by  thla  change  of  subject  orientation. 

The  demonstration  that  ths  feeling  of  steady  rotation  was  not  dependent  on  the  orien¬ 
tation  of  the  subject  relative  to  the  gravity  vector  was  unexpected.  However,  elnce  the 
vaetibular  labyrinth  can  detect  linear  accelarationa  in  any  direction,  perhaps  the  pre¬ 
sence  of  gravity  is  more  elgnif leant  that  its  direction.  Therefore,  the  experiment  wae 
repeated  in  a  second  group  of  subjects,  comparing  roll  circularvection  experienced  on  the 
ground  with  that  generated  during  short-term  weightlessness, 

figure  4  presents  ths  results  of  this  second  set  of  experiments,  averaged  soross  ths 
5  subjsots.  As  before,  latency  results  have  basn  plotted  above,  and  veotlon  strength  be¬ 
low.  Control  results  have  been  shown  on  the  left,  and  those  ebtained  in  weightlessness 
on  the  right.  The  raeulta  of  clockwise  end  oounter-elookwiae  etimuletion  heve  been  com¬ 
bined  hare,  sines  the  previoue  experiments  demonstrated  that  direction  of  rotation  wae 
irrelevant.  The  data  presented  in  Fig.  4  do  not  Show  significant  differences  between  the 
steady  rotation  component  of  roll  olrcularveotlon  measured  In  weightlessness,  and  on  the 
ground.  Within  the  limits  of  these  experiments,  the  phenomenon  eppeere  to  be  quite  inde¬ 
pendent  of  the  linear  aooeleretlon  environment. 

There  were  some  dlfferenoei  between  the  two  groups  of  eubjeots,  however.  Figure  5 
comperes  the  control  responses  of  ths  first  group  (on  the  left)  with  those  of  ths  second 
group  (on  the  right) .  The  results  of  olookwlss  and  counter-clockwise  stimulation  have  now 
basn  combined  for  group  1.  While  latency  of  onset  of  olrcularveotlon  was  identical  in 
the  two  experiment*,  the  strength  of  oiroularvsetion  was  not,  averaging  about  354  leaa 
whan  maasured  in  group  2.  This  ia  probably  a  physiological  diffsrsnse,  as  ths  experimen¬ 
tal  equipment,  procedures  and  methods  of  analysis  wars  identical,  and  ths  one  aubjeot  who 
wts  pert  of  both  groups  produced  closely  similar  rsaulta  in  both  tests.  While  it  ia 
difficult  to  identify  a  precise  oauas  retrospectively,  it  may  be  important  that  ths  aver¬ 
age  sga  of  group  1  was  23.4  years  (8.E.  of  mean  1.5)  and  that  of  group  2  was  45.4  years 
(8.1.  of  mean  3.5) . 


DISCUSSION  AND  CONCLUSIONS 

Soli  olrculsrvsction,  as  studied  in  these  and  other  experiments,  is  a  vary  compelling 
yat  very  labile  phenomenon,  whiah  has  s  vary  sudden  onset,  end  an  equally  audden  and  un- 
pradictabla  and.  The  drop-out  of  veotlon  aan  be  triggered  by  a  wida  variety  of  internal 
and  external  distractions.  Veotlon  tends  to  be  strongest  when  soma,  but  not  too  many, 
fixed  objeots  remain  in  ths  visual  field  (1).  The  steady  roll  component  of  veotlon  ia 
not  affected  by  the  magnitude  or  direction  of  ths  gravity  vector,  Finally,  the  ability 
to  develop  veotlon  may  deallne  with  sgs. 

There  are  soma  apparent  contradictions,  however.  For  example,  the  present  experiments 
have  demonstrated  increased  latenay  of  onset  of  veotlon  while  subjects  were  in  ths  supine 
position,  whereas  those  of  Young  (S)  have  suggested  the  opposits.  Ths  onset  of  vaation 
can  be  delayed  by  many  factors,  and  our  subjects  were  definitely  less  comfortable  in  the 
supine  position,  in  contrast,  Young's  subjects  were  lying  passively  on  a  fosm  mattress 
while  supine,  but  actively  supporting  themselves  whan  tested  In  ths  upright  position. 

It  is  also  evident  that  latency  and  strength  of  clrculerveotion  do  not  correlate  well, 
The  Increased  vaation  onset  latency  seen  in  our  first  group  of  subjects  whan  tasted  in  ths 
supine  position  was  not  aooompanied  by  s  change  in  veotlon  strength.  On  the  other  hand, 
whila  there  was  no  difference  In  latency  when  both  of  our  groups  of  subjects  underwent 
control  taste,  veotlon  strength  was  significantly  less  in  ths  second  group.  It  seams 
clear  that  latenay,  and  strength,  of  circularvsction  are  influenced  by  quits  different 
factors,  end  of  ths  two  measures,  veotlon  strength  may  ba  tha  mors  revealing. 

How  do  thsss  findings  relate  to  ths  flight  environment?  Consider  the  situation  of  a 
pilot  spinning  t  high-performance  aircraft,  in  s  steep  nose-down  position,  At  some  point 
ns  begins  to  stare  at  the  rapidly  rotating  ground.  He  would  havs  a  variety  of  fixad  ob¬ 
jects  in  hit  visual  field,  such  as  his  helmet,  ths  instrument  panel,  parts  of  his  canopy, 
and  ao  on.  within  seconds,  he  could  develop  vsotion,  and  actually  "see"  himself  and  his 
aircraft  rotating  (aa  wsll  as  "feel"  it  in  •  vestibular  aanaa)  .  This  would  happen  regard¬ 
less  of  aircraft  attitude,  and  since  ha  would  probably  ba  relatively  young,  the  vsotion 
would  be  particularly  strong.  Eventually,  he  would  gansreta  a  control  movement  to  initi¬ 
ate  recovery,  or  shift  hie  geee  to  hie  instruments,  thus  inadvertantly  producing  t  dis¬ 
traction.  This  could  suddenly  stop  tha  vsotion,  end  the  aircraft  would  be  "seen"  end 
"felt"  to  stop  rotating.  These  powerful  (but  false)  sensations  could  lead  tha  pilot  to 
believe  that  the  spin  has  ended,  and  he  can  return  to  straight  and  laval  flight.  If  the 
aircraft  ia  low,  continuing  to  descend  rapidly,  and  the  pilot's  control  inputs  era  now 
aggravating  the  continuing  spin,  a  sarious  accident  becomes  a  very  reel  possibility. 
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No  believe  that  training  paradigm  to  vividly  daaonatraba  to  pilot*  th*  Mad  and  tha  way  to  aalntali) 
apatlal  orlantatlon  awaranaaa  during  foraatlon  flight  will  roduoa  tha  Inoldano*  of  thaaa  vary  ooatly 
alahapa.  lavaral  tralnlni  partdlgai  ar*  undar  davalopaant  ualng  tha  Dynaala,  a  oookplt  aountad  on  a 
ahort-ara  oaatrlfug*.  Tha  pilot  oontrola  both  pltah  and  roll  aaaa  or  tha  Dynaala  oookplt  to  aalntaln  tha 
powltlon  on  a  "wing  alroraft"  projaotad  onto  a  vlaual  aurround.  Pilot1*  attantlon  la  lntaralttantly 
dlatraotad  fro*  tha  load  alroraft  and  fro*  attitud*  dlaplayta)  by  alaultanaoua  parforaano*  of  other 
oookplt  taaka.  Tha  orlantatlon  axparlanoad  by  pilot*  la  oontrollad  by  varying  inforaatlon  in  tn*  vlaual 
aurround  and  In  tha  onboard  Inatruaanta  (inoludlng  a  Haloola  Horlaon)  and  by  oontrolllng  tha  dlraotlen  of 
tha  gravltolnartlal  field  of  tha  ahort^ra  oantrlfug*. 

A  aaoond  ataga  of  our  raaaaroh  will  lnvaatlgat*  now  oonoapta  In  dlaplaya  to  laprov*  pilot  orlantatlon 
awaranaaa.  Tha  lnavltabl*  dlatrootlon  of  vlaual  attantlon,  which  aoooapaniaa  aaarganoy  aituatlona, 
angandara  oonaid* ration  of  paripharal  vlalon  and  nonvlaual  ohannala  to  oonvay  alroraft  attitud*  and  target 
Inforaatlon  and  aalntaln  apatlal  orlantatlon  awaranaaa. 

imoDoonoi 

Nhan  aan  flrat  antarad  tha  aaronautioal  anvlronaant,  ha  anoountarad  tha  ohallang*  of  "oloud  flying" 
frequently  aMrglng  lnvartad,  often  with  dlaaatroua  raaulta.  With  Spcrry'e  introduction  or  tha  gyro- 
atablllaad  artlflolal  horlaon,  it  waa  baliavad  that  pilot  a  trained  In  inatruaant  or  "blind"  flying  would  b* 
lnnuna  to  alroraft  attitud*  dlaorlantation.  Th*  alahapa  oontlnuad  daaplt*  effort*  by  huaan  faotor 
anglnaar*  to  radaaign  Inatruaant  oonflgu ration  and  dlaplaya  that  paralttad  tha  pilot  to  vlaually  intarpraf. 
alroraft  orlantatlon  with  laprovad  aoouraoy  and  rapidity,  and  daaplt*  davalopaant  of  raglaantad  training 
ayllabl  inoludlng  th*  ua*  of  Link  trainer*.  Tho  orlantatlon  inforaatlon  prooaatlng  daaanda  plaoad  on  tha 
pilot  by  th*  Introduction  of  footer  aor*  agila  alroraft  inoludlng  aarebatio  hallooptara,  and  avar  nor* 
da Bonding  alaalon  raqulraaanta  Inoludlng  nap  of  th*  earth,  night  and  all-weather  anvlronaant*  will  only 
Inara***  th*  likelihood  of  orientation  error  alahapa. 

Nuaeroua  aurvaya  (1-3)  apannlng  th*  paat  30  year*  and  all  branch**  of  th*  United  Stataa  Araad  Poroa* 
lndloat*  4- log  of  Qlaaa  A  alahapa  (900,000  dollara  daaag*  or  loaa  of  Ufa)  and  10  to  209  of  ratal  alahapa 
war*  a  dlraot  raault  or  Inadaquat*  apatlal  awaranaaa. 

Head  on  a  review  of  dlaorlantation  training  praotioaa  ubilliad  In  NATO  oountrtaa,  a  1974  AQARD 
working  group  aada  apaolflo  raooaaandatlona  dlraotad  toward*  laproving  ground  training,  training  In  flight, 
and  raaaaroh  and  davalopaant  program  (4).  for  ground  training,  It  waa  auggaatad  a  davloa  with  rotational 
froadoa  In  tha  yaw  aala  alon*  would  b*  adequate.  Th*  panel  fait  that  daaonatratora  with  yaw  and  pltoh 
oapabllltlaa  would  not  bo  ooat  affaotlv*  at  that  tin*.  Shortly  tbaraafter,  tha  Royal  Hr  foroa  Inabltuta 
of  Aviation  Hadtoln*  dovalopad  a  rotational  dlaorlantation  daaonatrator  that  waa  aooaptad  with  auoh 
anthuaiaaa  that  *  aaoond  davloa  waa  brougit  on-line  to  paralt  all  atudant  pilot*  th*  opportunity  to  raoaiv* 
dlaorlantation  training.  The  O.J.  Navy,  whioh  davalopad  tha  ID  plaot  Multiple  Station  Dlaorlantation 
Davloa  (MSDD)  to  provide  dlaorlantation  faalllarliation  training  to  atudant  pllota  and  night  offloara,  hae 
now  oatondod  lnatruotlon  to  lnolude  all  alrortw.  A  roourrant  training  aohadula  anauraa  Boat  axparlanoad 
Pllota  are  routinely  realndad  of  tha  haaarde  of  dlaorlantation. 

Although  both  davlooa  are  axoallant  daaonatrator*  oapatla  of  ganaratlag  a  variety  of  ooapalllng 
apatlal  orlantatlon  lllualona,  they  do  not  daaanatrat*  to  tha  pilot  hla  degradation  In  parforaanoa  or 
raduoad  ability  to  Btlntaln  control  of  an  alroraft  during  aituatlona  In  whlsh  apatlal  dlaorlantation  la 
axparlanoad.  Dlaorlantation  trtlnara  with  tha  pilot  dlrootly  lnaartad  Into  th*  control  loop  paralt  tha 
pilot  to  oxparlonoa  tha  correlation  between  Hla  flight  Input*  and  th*  eaneory  feedback  frea  aotlon  and 
vlaual  ouaa.  In  addition  to  the  poaalblllty  of  davalaplng  atratagiaa  to  oopt  with  alroraft  oenbrol  undar 
th*  advara*  oondltlona  of  apatlal  dlaorlantation. 

In  th*  paat,  eenaory  aotor  raaaaroh  waa  not  only  apllt  Into  aonaory  and  aotor  divlalona,  hut  even  tha 
Individual  aanaory  ayataaa  wart  axaglhad  aaparataly  without  a on earn  for  intarsotloB,  Hana-Lukaa  Taubar  (9) 
lndlaatad  tha  fallacy  of  auoh  dlaaostlon  when  h*  no  aptly  axpraaaad,  »  .  .  .  .  Our  brain  naada  to  praoaa* 
tho  aanaory  Input  and  axtrant  it*  ralavant  faaturaa,  bub  It  alao  mat  ooapanaat*  oontlnuoualy  for  It*  own 
aotor  output  and  taka  th*  antioipatad  oonaaquanoaa  of  Ita  own  fubur*  action*  into  aooount.  Th*  unity  and 
atabllity  of  our  paroiptlona  Bight  tharoforo  te  aor*  understandable  if  ws  war*  to  trace  th*  Inforaatlon 
flow  In  tn*  oantral  nervous  ayataa  not  only  In  traditional  fashion,  fro*  aanaory  to  aotor  region*,  but  in 
th*  ravara*  direction  ta  wall,  »o  that  Intandad  and  patantlal  aovaaant*  ar*  lean  to  antor  Into  tho 
atruotur*  of  our  paroaptloni."  Our  paroaptioM  or  aotlon  and  hano*  apatlal  orlaotatlon  era  atrcogly 
lnfluonoad  by  tho  "feed  forward*  awaranaaa  of  paralttad  digram  of  fraidoa  of  aotlon  and  agMobatlona 
(raaffaranoa)  whan  w*  initiate  aotor  program  to  oonbrol  aotlon.  Tho  aotlv*  aontral  of  our  poaitlaning  in 
apaea  througi  dlraot  nohin*  faadteok  aay  thu*  produo*  a  aarkadly  different  paroaption  than  that 
axptrlthMd  by  a  paeaiv*  obaarvar  raoalvlng  th*  idantleal  phyalaal  atlauiu*.  for  thoaa  raaiona  and  alao  In 
purautt  of  atratagiaa  and  technique'  to  overcoat  disorientation,  wo  favor  dovolopaont  of  aan -in "the -loop 
dlaorlantation  trtlnara  to  aupplaaant  current  training  raglaaa. 
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The  opinion  of  leny  pllote  ind  engineers  Involved  In  tha  davalopaant  and  aooaptanoa  of  training 
davloaa  that  tha  replication  of  u  many  aapasta  of  notion  and  reallaa  an  poaalbl*  will  land  to  nom 
afflolant  training  hu  lad  to  tha  produotlon  of  notlon-Maad  tralnnra  pooaaaalng  roll,  pltoh,  and  yaw 

gllot-oontrollad  aotlona  In  addition  to  planetary  notion  to  produoe  wild  aooeleratlve  foroaa  up  to  i.5  3. 
aaplta  tho  addad  raallan,  auoh  davloaa  hava  not  yat  baan  provan  to  offar  aora  arfaotlva  training. 
Manuraoturara  auggaat  (6,7)  that  tralnara  responding  to  pilot  Input  will  produoa  quantitative  ohanga  in 
alroraw  bahavlor  poatulatlng  that  alaulator  parfornanoa  will  laprova  with  rapaatad  exposure  to 
dlaorlantatlng  at  1  null  and  that  thla  laarnlng  la  tranafarabla  to  alroraft.  In  vlaw  of  wall-known 
differences  in  faadbaek  froa  motion-control  aotlona  In  flight  and  In  alaulatora,  wa  hava  atrong 
raaarvatlona  about  tha  tranifarablllty  of  bahavlor  ohanga  If  rlgoroua  aan-ln-tha-loop  arlantatlon  training 
la  inatltutad.  Wa  art  optlalatlo  about  anhanoad  taaohlng  lnpaot  whan  aaaaonad  plloto  aotlvaly  axparlanoa 
loaa  of  alroraft  oontrol,  aooonpanlad  by  training  on  atrataglaa  to  aatntaln  oontrol.  Thua,  wa  ara  aanguina 
about  tha  davalopaant  and  oloaa  axaalnatlon  of  oloaad-loop  motion  platforma. 

tha  Vnltad  Jtataa  Air  Poroa  haa  axpraaaad  an  lataraat  in  obtaining  aavaral  of  thaaa  naw  ganaratlon 
apatlal  orlantatlon  tralnara  to  alnlalta  diaorlantatlon  alahapa  through  aduoatlon  and  training.  Tha  United 
Statai  Navy  la  oonaldarlng  a  multlraala  training  oantrifuga  far  dual  utility  la  0-tolarartoa  and  apatlal 
orlantatlon  training.  In  althar  altuation,  basauaa  It  appaara  that  tha  aultlaxla  tralnara  with  11  ml tad  0 
oapablllty  will  aoan  ba  In  our  Inventory,  thara  la  a  raqulalta  for  braining  paradlgma  bo  aatan  tha  aapandad 
oapabllltlaa  Of  thaaa  davloaa. 

Tho  now  gonaratlon  apatlal  orlantatlon  tralnara  hava  daaign  nutation*  that  ara  oonatantly  balng 
laprovod  ur  uparadad.  tin  Halt  ad  roll,  pitch,  and  yaw  oapabllltlaa  require  glabalo,  vhloh  In  turn 

naoaaaltata  vlaual  dlaplaya  within  tha  oapaula  In  llau  of  a  glabil-olutterad  360s  viaual  aurround  ayataa. 
Thu  alaotronlo  vlaual  dlaplaya  ara  proaontly  raatriotad  to  a  160s  horlaontal  ritld  of  vlaw  with  tha 
anticipation  of  an  aapandad  fiald  of  vlaw  In  tha  naar  futura.  Halmot-aountad  dlaplaya  may  avantually 
parmlt  tha  full  aurround  dtalffi  daalrad  for  aimulatlon  of  air  noabat  manauvarlng.  At  praaant,  paradlgan 
hava  not  baan  davalopod  that  pariit  larga  aaouralon  of  haad  aovaaanta  dua  to  llaltatlona  of  available 
vlaual  dlaplaya, 

Tha  AdARD  working  group  raaoaaandatlona  (A)  for  ln-fllgil  training  tnoludad  "pilot  raoovary  froa  unuaual 
attltudaa  In  tha  preaonoa  of  diaorlantatlon  and  othtr  atraaaaa."  A  furthar  roooaaandatlon  waa  to  lnoraaaa 
tha  raallaa  of  alrborno  lnatrumant  training  by  lnoludlng  aatarnal  vlaual-ataroh  taatta.  It  la  now  poaaibla 
to  lnoluda  thaaa  night  training  reooaaandationa  Into  tha  naw  (miration  ground-baaad  simulators  undar 
highly  oontrollad  raproduolbla  oondltlona  of  vlalon,  lotion,  and  workload  atraaa  —  albalt  oroaa-oouplad 
(angular  Corlolla)  affaota  remain  an  unwantad  lntrualon. 

froooduraa  and  Initial  Obaarvatlona 

Our  raaaaroh  approaoh  la  aaaantlally  a  two-ataga  prograa.  Pint,  wa  will  davtlop  aavaral  man-ln-tha- 
leop  aoanarloa  for  apatlal  arlantatlon  training  dialing  with  diaorlantatlon  flight  oondltlona  wa  ballava  to 
ba  moat  rraqumntly  mnoountarad  and/or  moat  dangaroua.  Second,  wa  will  uaa  tha  mmn-ln-thm-loop  aoanarloa 
dovalopad  tn  atago  ana  to  avaluata  the  affaotlvanua  of  naw  Information  ohannala  In  aalntalnlng  virldloml 
apatlal  orlantatlon  awaranaaa. 

The  facility  delimited  aa  Dynaala  waa  developed  to  augment  exletlng  NAMRL  faoilltlaa  for  raaaaroh  on 
•patlal  awaranaaa.  Dynaala  (1)  oonalata  of  three  main  ooaponantai  a  motion  ayatam,  a  vlaual  aurround  for 
preaentatlon  of  aarth-fixad  or  aovlng  targeti,  and  a  osaputir  ayataa.  The  motion  mymtom  la  a  ahort-ara 
oantrifuga  that  provldai  yav-agla  rotation  of  an  off-oentmr  oookplt  houaad  In  an  alrorart -Ilka  fuaalaga 
that  la  oapabla  of  motion  about  lta  own  pltoh  and  roll  ana.  Tha  ooaputar  ayataa  provide!  oapablllty  for 
praaantlng  a  variety  of  viaual  dlaplaya  on  two  aoopaa  (Oethroda  Ray  Tubea)  In  tha  oookplt  Inatrunnt  panel. 
Currently  available  aoopa  dlaplaya  lnoluda  an  Attitude  Direction  Indloator  (ADI)  and  flva  taata  or 
oognltlva  perforaanoe.  A  functional  Maloola  Horlaon  oan  alee  ba  dlaplayad  aoroca  tha  faoa  of  tha  panel. 

Tha  main  axle  of  tha  rotary  davloa  la  oentered  In  a  !0-ft  dlamatar  white  vlaual  aurround  for  praaantatlon 
of  pattarna  and  targeta  axtarnal  to  tha  oookplt.  Tha  overhead  projector  aat  dlaplaya  earth-find  eoenea 
and  pattarna  on  tha  vlaual  aurround-  An  "on  board"  projeotor  aat  oan  projaot  targeta  at  dlffarant  angular 
dLapuoaoanba  relative  to  tha  aubjaot  In  tha  oookplt.  Motion  oharaotorlatloa  about  pltoh  and  roll  axaa  and 
ohangoa  In  vlaual  dlaplaya  (oookplt  and  axtarnal  tmrgmt)  an  undar  oogputir  oontrol.  In  tha  oookplt,  tha 
tllot"  oan  fly  by  lnetruannta  and  oountaraot  ooaputar  oontrol  or  tha  aotlon  davloa.  The  ooaputar  provide! 
lamellate  aaaaaaaant  or  "aan-ln-tha-loop"  parforaanoa. 

Tha  two  aoanarloa  aalaotad  for  davalopaant  on  Dynaala  ware  formation  flight  and  tha  "liana."  Tha  moat 
frequently  reported  fora  of  apatlal  dliorlentatlcn  (9)  la  the  "liana."  Formation  flying,  whtoh  haa  for  the 
paat  6  yea re  aanountad  for  tha  aoat  Claaa-A  pilot  faotor  alahapa  in  tha  United  Stataa  Ravy  (to),  la  tha 
baaf  aaneuvar  to  amrnina  apatlal  awaranaaa  baoauaa  It  lnvelvaa  a  nlgh-lntanalty  pilot  workload  with 
attention  apllt  between  alroraft,  oookplt,  object!  in  apace,  and  tha  larth. 

Two  aoanarloa  for  daaoaatratlon  of  tha  liana  are  balng  compared  to  aaoartaln  thalr  relative 
afraoblvanaaa.  le  tha  flrat,  a  Dynaala  pilot  la  plaoad  In  tanfantlal  forward-faolng  configuration  at 
oonatant  angular  valoolty  with  tha  wlnga  level.  The  pilot  paroalvea  a  roll  to  outalde  of  turn  and  la  given 
tha  oontrola  and  attitude  Indloator  to  ba  made  aware  of  tha  liana  and  to  corraot  hla  attitude  by 
lnabruaenta.  Ha  la  than  (Ivan  vlaual  rtferenoe,  which  facilitate!  oorraotlon  of  attitude  error  and  raduoaa 
the  liana.  In  tha  altamata  liana  deionatretlon,  tha  pilot  at  oonatant  angular  valoolty  la  appropriately 
banked  auoh  that  hla  Iraxia  la  aligned  with  tha  raaultanb  of  tha  gravito-lnirtlal  foraa  (l.a.,  paroaptually 
atralgit  and  laval).  Whan  given  tha  oontrola  and  oookplt  lnabruaenta,  tha  pilot  auat  than  oonoantrata  on 
ovarooalng  not  only  tha  dlaortentablon  eaaoolatad  with  the  "laano*  but  alao  that  produaad  by  rolling  to 
•upright"  in  a  plana  parpandlou lap  to  tha  plana  of  rotation.  During  oorreotiva  aotlona,  tha  vlaual 
aurround  la  praaattad  to  traduce  tha  laani  and  faollitabt  overriding  tha  liana. 

Formation  flying  aa  a  wingaan  la  t  aklll  that  daianda  auoh  ooaplata  attention  of  tha  pilot  to  hla  lead 
alroraft  that  little  or  no  tlaa  oan  ba  devoted  to  aonltarlni  hla  own  lnatruaanti.  With  llttla  opportunity 


for  Inatruaanl  oreoaahook,  tho  vlngaan  toada  to  UluM  la  ateedy  auto  flight  that  tha  load  alroraft  la 
itnl^t  aal  Uval,  particularly  whoa  OaprlvaO  of  ritual  rtforene*  ta  earth  aa  during  roraatloo  flying  la 
oaathap  er  at  night.  Tha  foraafelon  flying  aaaaarlo  la  aaaaapllahad  by  a  rebooting  aata  tha  36  <r  aurround 
tha  Nlag  alraraft  on  which  tha  Dynaala  pilot  trloa  to  oaiotaln  a  aoaataat  raiatlv#  poaltlon.  la  saa 
a  aa  carle,  w*  ooaaenoa  rotation  with  tha  pilot  pra-poaltlcoad  la  roll  ao  that  tha  raaultant  foroa  allgna 
with  tha  1  hi  ala  only  aftar  a  ooaatant  valoolty  la  attalaad,  Tha  pilot  require*  about  to  aaoonda  to  raal 
atral^nt  and  level,  apparantly  raflaetlag  a  lag  of  fact  (It). 

In  aaathar  aara  roallatlo  aoaaarlo,  wa  maintain  l-uala  aliptaeat  throutfiout  tha  Initial  aooalaratlon 
and  aooatant  valoolty.  Kara,  wa  Bata  anoeuntarad  tha  laanai  apparantly  froa  aaaary  of  tha  aatual  roll 
during  tha  InltUl  aooalaratlon,  ta  antlolpata  that  thla  aan  ba  aorraotad  by  praaaattng  a  rarldloal 
citeroal  rafaranaa.  Than,  by  raduelng  ahaabar  lllualnatlon  and  by  pro  lasting  an  alraraft  laaga  onto  tha 
aurraund,  tha  pilot  toon  paraaltaa  hlaaalf  and  hla  aaapanloa  oraft  In  latal  flight,  Frequent  bub  aaall 
ahaagaa  la  pitch  and  roll  of  tha  pilot <0  cockpit  generate  rautlwa  novaaant  of  tha  wing  alraraft. 
Maintaining  poaltlon  da  aan  la  full  attention  froa  the  pilot  ta  orarrlda  ooaputer  ganaratad  pitch  and  rail, 
Whan  tha  projected  alraraft  U  directly  off  wing  of  tha  Dynaala  pilot,  large  guauhlfta  (and  largo  head 
aovaaanta)  are  aaoaaaltatad  while  tranafarrlng  attention  between  oookplt  and  target  aircraft,  Theao 
lntroduoa  a  oaabl nation  of  oroai-couplad  angular  aooalaratlena  and  O-anaaa  affaata  either  of  whloh  can 
Induce  nauaaa  la  aoaa  aubjeoti, 

Two  opt  lane  for  raduelng  thla  unwanted  dlaturbanoa  are  lowered  angular  raloolty  and  ohnnglng  tha 
a  rare  (a  angular  poaltlon  of  the  oonpenion  aircraft  to  a  acre  forward  voter,  thereby  reducing  tha  aro  of 
gaaa-ehlfta  danandad  free  tha  pilot,  haduoad  angular  valoolty  raduoee  tha  nagnltuda  of  tho  orientation 
error  that  tha  pllota  will  aiparlanoa  and  any  reduce  tha  impact  of  tha  training.  Wa  are  currently  working 
on  an  aaooptablo  ooaprenlae  between  offeet  engleo  and  angular  valoolty. 

In  thaaa  aoanarloa,  aftor  tha  pilot  haa  developed  the  erroneous  perception  of  etraight  and  level  while 
flying  tha  Dynaala,  wa  aan  auddenly  protide  alternating  gllnpaea  nr  tha  wlngnan  and  a  rarldloal  rlaual 
rafaranoa  qulokly  fallowed  by  daaand  to  fly  by  Inatrunanti  In  braahbff  fron  farnatlon  flight.  Tha 
lntroduotlan  af  auddan  broakoff,  a  phanoaanon  not  Infrequently  encountered  In  foraetlen  night,  than  plaoaa 
tha  pilot  paraaptually  In  a  pitch  and  rail  net  natehod  by  lnatrunanta,  whloh  raqulraa  aonaldarabla  aantal 
effort  ta  aalntaln  straight  and  level  flight. 

It  thla  writing,  wo  a  re  denloplng  prototype  training  aoanarloa  In  ataga  one  of  our  prograa. 
farfornanoa  aaaaanaant  during  tha  aaanarlo  davalopnant  will  lead  naturally  into  afenga  two,  whloh  aeulata 
of  aveluction  of  now  concept*  in  lnatrunanta  dlaplaya. 

Tha  Dynaala  by  virtu*  of  lta  unique  dlaorlantatlng  capabllltlaa  lb  b  aultabl*  davto*  to  lntroduoa 
pllota  ba  now  orientation  dlaplaya  beoaua*  a  conpariaon  of  the  pilot 'a  ability  ta  nalntaln  or  reoovtr 
orientation  oan  ba  node  under  highly  aantrollad  oondltloni  Including  a  atandardiaad  workload.  A  Halted 
nunbtr  a f  pllota  have  bean  introduced  ta  the  Maleoln  Hsriion  (a  peripheral  vlaton  display  oonalatlng  of  a 
gyre-abablllaad  Inner  baaa  projected  onto  tha  inetruaent  panel).  Although  tha  Dynaala  haa  proven  affaotiv* 
aa  a  tool  to  aaaiat  teat  pllota  in  tha  davalapoant  of  tti*  akill  nanaaatry  ta  utlllta  thalr  peripheral 
vlalon  ta  nonltor  alroraft  altitude,  tha  Maleoln  Horlaon  hot  not  boon  well  aoooptad  by  tho  operational 
ooanunlty.  There  was  a  tendency  by  fleet  pilot*  to  otare  at  tho  peripheral  vlalon  dlaplay  utlUalng  It  aa 
an  altitude  Indloator  (11).  Tba  Introduction  of  any  do  vice  that  Involve*  a  ohanga  In  long-lngralnad  ekllle 
will  not  b*  anally  aoooptad  by  aaaaonad  pllota.  Thla  llluatrata*  the  value  or  developing  training 
partdlgnt  to  raollltat*  aoqulaltlon  of  new  tklll*. 

IWH 

A  drawback  of  night  alaulatora  la  tha  opportunity  to  dare  lap  and  adapt  btratbglai,  whloh  although 
effeotive  In  tha  alaulator  nay  prove  to  ha  dlaadvantagaoua  on  trnnafar  to  tha  alraraft,  Although  not  a 
otroeg  atlnulua  In  our  aaonnrlo,  tho  a-«iooaa  llluolon  03)  aay  oontrlbut*  algnlfloantly  to  thlo 
dlaorlantatlon  In  ooanarolal  davloaa  rated  at  i  or  nor*  Oo.  Whan  hood  novaaant*  arc  diaoonoartlng  to  a 
pilot  duo  to  a  oonblnetion  of  daiaeia  and  oroaa-eoupled  atlaulatlon,  tha  pilot  will  tend  to  avoid  or 
alnlnlaa  tha  notion -gencreted  atlnulua  by  inking  aaallar  hand  aovaaanta  with  larger  davlatlona  ef  gaaa. 
Although  atlll  arfaatlva  In  aalntalning  avaranaaa  under  the  condition  praaantad  by  tna  Dynaala,  auoh 
aovaaanta  era  not  nacaaiary  in  tha  alraraft  anvlrcnaant  vhar*  the  oroca -coupled  of foot*  arc  reduoad  dua  to 
tha  largo  turning  radlua  and  thua  rtduatd  angular  valoolty. 

Workahopa  and  ayapoala  dlraotad  tawarda  tha  aalutlon  of  altuational  avaranaaa  (It, IS)  and  apatlal 
dlaorlantatlon  rapaatadly  point  out  that  tha  aanaory  ehannala  of  hearing,  aabiant  vlalon,  and 
proprioooptlon  have  not  haan  adaquataly  utlllaad.  In  addition,  the  utillaatlan  ef  nonfovaal  aanaory 
ohannala  to  aalntaln  alraraft  altuational  avaranaaa  will  ralaaaa  tha  central  vlaual  ayataa  to  fooua  an 
alroraft  inf  or  eat  Ion  that  oan  only  to  obtained  through  oantral  vlalon, 

Heat  apatlal  dlaorlantablon  aooldanta  era  not  dua  to  radtool  aonouvtri.  Rather,  they  eoour  wh  o 
period*  of  vlaual  dlatraetlan  froa  lnatruaant  aaannlng  auoh  ta  during  intanaa  oonoantratlon  on  oooVplt 
aaargonolaa  or  aitarnal  target*  paralt  the  appraolatlan  of  nen-voridloal  taolil*  and  vaatlbular  at. null. 
Tb*  graataat  oontrlbublon  to  biologically  laprova  aarenauttaal  apatlal  orientation  will  b*  tha  praaantatlon 
of  ottltudo  Inforaation  via  a  aanaory  channel  that  will  paralt  oontlnuoua  uninterrupted  accurate 
inforaablon  In  a  fora  raadlly  and  naturally  aaalailatad  by  bha  oantral  narvoua  ayataa  to  aupplaaont  the 
inberiibtant  data  anllatla  fra*  aaatral  vlalon.  In  tha  day-to-day  torraitrlal  onvlronaont,  tha  vaotlbulor 
end  klneathablo/taetlle  ohtnnolo  provld*  thla  lndapondant  aoeurat*  redundant  Inforaation.  Tho  difficulty 
arlooa  In  tranaforring  to  tho  aviation  anvironaont  whara  bath  vaatlbular  and  othtr  proprlooaptlva  otnaoa 
raglotor  lnaoourataly  duo  to  tho  oontlnuoua  fluctuation  of  the  raaultant  gravlta-lnartlal  fora*  aa  wall  a* 
llluiloni  produced  by  prolonged  rotation*  far  eutaida  bh*  rang*  af  natural  abtlon  agparlanoad  on  the 
ground,  taong  tha  primary  aanaory  ohannala  neraally  raaponalbl*  for  eriontatlon  bht  vaatlbular  ayataa  la 
not  raadlly  aoetailblt.  Which  leave*  tha  ktneathatle  tactile  ahtnnal  and.  aaaondarlly  tha  auditory  ayataa  at 
aandldataa  ta  aid  tha  vlaual  ayataa  In  orientation. 
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Th*  klnaathdtio  taotlla  lyitaa  hu  pro  ran  th«  aoat  difficult  to  ixiil.no  ind  datoralne  it*  nutlra 
contribution  to  orlantitloe.  Wharau,  thi  riant],  tnd  auditory  ohannilt  oan  bi  rudlly  ainlpulttad 
lnoluding  i  hutting  on  or  off  and  tho  raatltular  ayatta  oontributlon  ditoralnod  uotng  labyrlnth-dafeotlva 
lndlrlduali,  thi  klnootheblo  tactile  *yiUo  otnnot  be  itiliy  Uelatod  or  aanlpulitid  iron  in  tnlatU 
without  radio* Uy  iltirlni  thi  blologloal  i/atia.  lodaidi  thi  oanlpmint  klmithitlo  ttotlli  Inforaatlon 
lntiraot*  10  rlaniy  with  thi  viatlbulir  auditory  and  rlauil  ayitia*  that  It  li  often  thi  oonfoundlni 
tarlibla  In  piyohophyiloal  itudlia  on  orlmtation  piroaptlon. 

bn  Sarth,  tha  vutibular  ayitia  atanding  aloni  san  only  uoirtaln  orlmtation  of  tha  haad,  but  whan 
aotlni  in  oonjunotlon  with  klnaathitlo  and  bantu*  Inforaatlon  oan  rtadlly  or  lint  thi  indlrldutl  to  hla 
body  and  nr th  or  tho  rahtoli  Into  whloh  hi  la  itrappid.  Thli  oloai  ralitleniHlp  beginning  iron  at  tha 
laval  of  th*  flrat  ointral  nirvoua  tyitai  nlay  iugguti  tha  opportunity  to  influmoi  or  ovarrld*  thi 
•rfOMOUi  aironautloal  vutlbuUr  Inforaatlon  with  trtlflolally  appllid  nrldloal  taotlli  Input*.  Thi 
klmithotlo  taetu*  lyitn.  whloh  wu  ooo*  haarlly  itlaulatad  la  th*  arlatlon  unvironaint.  hu  bitn 
progniolnly  liolatid  onr  thi  put  SO  ynra  with  th*  lotroduotlon  of  cloud  oookplto.  roduoid  form 
fudttok  on  oentrol*  uoondary  to  fly  by  Wirt  tiohnalegy,  and  ilgnlfloant  roduotlona  In  vibration  lovaia 
with  oaat  tnd  alrfraao  dailfn  laprovoatnti.  for  thi*  rtuon.  th*  tutll*  ohtnnol  1*  th*  ao*t  loglotl 
oholoo  to  Introduo*  uppliuntil  orientation  lnforutlon. 

On*  prlaary  purpoa*  In  davtlopln*  tho  two  ipatlil  dlaorlantatlon  pi  radian  li  to  p*ralt  tho  evaluation 
of  tho  orfootlvonau  of  nonfoml  unoory  ohannol*  In  aalntainlng  altuotlonal  iwirwniu  olthar  alone  or  In 
lonjuaotlon  with  atandard  dlaploya.  In  particular!  a  om-to-ona  aapplnt  c  tho  oatornal  environ-  int  onto 
tactile  fltldo  la  planned,  utlliilnf  a  ooablnatlon  of  taetlle  lllualona  to  praunt  and  aovt  tha  atlaulua 
with  a  Ualtod  nuabir  of  stlaulatoro.  Although  algnol  rallablllty  and  apaad  or  rorpona*  otn  h*  laprovad  by 
additional  lnforutlon  ohannalo,  tho  poailblllty  of  aultliiniory  oonfllot  axlata.  When  will  tactile 
preprlooaptlon  and/or  audition  anhanoo  vlaual  oontributlon  to  orltntitlon  perotpblon,  and  under  what 
olrouutanoaa  will  aaturetlon  of  lnforutlon  dionan  perforaanon  or  appraolatlon  of  orientation?  Tha 
anawara  to  thua  quutlont,  to  be  evaluated  In  part  on  tho  Dyntoia,  will  dottralne  tho  produato  dovilopod 
for  future  un-uohint  lntorfooo*  to  dolvo  or  iMllorati  tha  longstanding  problta  of  aituatlonal 
awaranaaa. 

hioouondiUoni  and  Otlaotlvaa 

1.  Oontlnuo  ground-band  training  utlllalng  dtaona tret lan  trulmri  (Ilka  HSDD)  but  with  laprovod  quality 
of  doaonstratlono.  Notion  atlaulua  ahould  not  ivoki  ayaptoa*  of  notion  aloknau.  Fooua  verbal  training 
pattern  on  ulntelnlng  orientation  awaranaaa  and  dlaorlantatlon  prevention!  avoid  "aauaramt  park" 
diaonatratlon.  Training  ahould  laaodiataly  praoidt  Ufllgit  dlaorlantatlon  diaoutratlona  with  routine 
•ohadulad  rafraahtr  training  every  1  yean. 

1  Dovalop  olond-loop  ground-taaad  trainara  that  rsou*  on  tha  aoit  likely  Inflight  dlaorlantatlon 
■oanarioa.  Avoid  rlgorouo  oonditlonlng-typ*  training  boeaua*  of  tha  pualbillty  of  tranafarrln*  negative 
learning  to  tho  alroraft.  Nora  rasuroh  li  required  in  thla  ana.  laphulaa  thi  ulntuanoa  of 
orlonbatlon  awannan.  Thi*  tnlnlng  ihould  pnoidi  urotatloi  and  forutlon  flight  training  with 
nfnahar  training  every  3  yun. 

3.  Du  aan-ln-thi-loap  forutlon  fllfit  loonarlo  to  divtlop  prototypo  devlou  utlllilng  nonfovotl  unaory 
ohannala  bo  aalntaln  orlmtation  awannau. 
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